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FOREWORD 

This  report was prepared by  the  Fluid Power Research  Center of  the 
School of Mechanical  and Aerospace  Tngineering,  Oklahoma  State  University 
of  Agricultural and Applied Science.     The study was  initiated by  the Mo- 
bility  Equipment  Research  and  Development  Cei._er,   Fort  Belvoir,   Virginia. 
Authorization  for  the study  reported herein was  originally  granted by 
Contract   No.   DAA02-71-C-0074   and   continued under  Contract  No.   DAAK02-72- 
C-Oi72.     The effective  period  for  the  first  contract was  modified   to be 
October  1,   1970,   to September  30,   1972.     The effective period  for  the 
second  contract was  November  9,   1971,   to November 8,   1972. 

The   Contracting Officer's  Representative was  Mr.   Hansel Y.   Smith, 
and Mr.   John Karhnak served  a^.   the  Contracting Officer's Technical  Repre- 
sentative.     Mr.  Paul Hopler has  effectively  represented  the  Contracting 
Officer  both  administratively  and  technically  throughout  both phases  of 
this  contract.     The  active  participation of Messrs.  Smith,  Karhnak,   and 
Hopler during critical phases  of  the work  contributed  significantly  to 
the  overall  success  of  the program. 

This report represents only one of four major sections of the annual 
report on the Hydraulic Specification Program. The titles of the various 
sections   are   listed below: 

1. Section   I. Hydraulic  Cylinder and Seals  Specification 
Study. 

2. Section II.  Hydraulic System Controls Study, 

3. Section III.  Hydraulic System Noise Study. 

4. Section IV.  Hydraulic Hose Specification Study. 

The study represented by this report was conducted under the general guid 
ance of Dr. E. C. Fitch, Program Director.  Mr. G. E. Maroney served as 
the Project Engineer for the noise study.  Dr. Fitch and Mr. Maroney were 
ably supported by the FPRC Acoustics Laboratory; technically and experi- 
mentally by Mr. L. R. Elliott; experimentally bv 'u . J. R. Wells; in sta. 
istical control by Mr. G. A. Roberts; and in general coordination by Mr. 
R. K. Tessmann . 

This report presents a detailed account of the experimental verifica- 
tion part of the hydraulic noise study. Test procedures for hydraulic 
component noise, developed under this contract, are presented and experi- 
mentally verified. The preliminary results of a measurement survey of 

  --     ■  i  ii' 
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> airborne pump noise, supported by an extension of the contract, are pre- 
sented and compared with published sound power levels for pumps. Speci- 
fic recommendations are made for continuing the effort to understand and 
control hydraulic noise. 
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CHAPTER I 

INTRODUCTION 

Recent legisl.ation has stimulated industrial interest in the prob- 
lem of noise [1].  For this report, "noise" is any vibration which is or 
can cause airborne vibrations between 100 Hz. and 10,000 Hz  Now, more 
than ever before, users of all types of components and systems must con- 
sider component sound power output when they write specifications.  The 
primary objective of the project reported in this document is the estab- 
lishment of noise requirements for fluid power components.  A secondary 
objective, actually supplemental to the primary objective, is the actual 
measurement of selected fluid power components from a piece of mobile 
equipment. 

Fig. 1-1 illustrates the program objective and some of the prelimin- 
ary objectives associated with the project.  The rational specification 
ol realistic noise requirements for fluid power components must be based 
on a thorough understanding of several factors which include:  1) basic 
acoustical theory, 2) practical means for reducing noise, 3) the relation- 
ship between component noise and total system noise, 4) the present capa- 
bility of the industry to produce "quiet" components, and 5) the accuracy 
and repeatability which can be obtained with test methods for measuring 
sound power levels. 

Basic acoustical theory serves as the basis fc understanding all of 
the factors associated with fluid power noise. Unfortunately, all of the 
implications of basic theory have not been applied to fluid power compon- 
ents and systems.  But, enough is known about airborne noise measurements 
and the treatment of airborne noise to serve as a guide for attacking 
noise problems in fluid systems.  Merging the basic characteristics of 
fluid systems and basic acoustical theory leads to the realization that 
three types of noise are associated with fluid systems (See Fig. 1-2). 
The three types of noise are:  airborne, structureborne, and fluid- 
borne . 

During the past decade, procedures have been written for measuring 
the airborne noise emitted by fluid power pumps and motors [2, 3].  How- 
ever, no industrially accepted test procedures exist for the measurement 
of structureborne or fluidborne noise.  In fact, there does not seem 
to be any published data which establishes the accuracy or repeatability 
of the industrially accepted test methods for measuring the airborne noise 
of pumps and motors. 

Several manufacturers have published sound power levels or sound pres- 
sure levels for comoonents.  Since reported sound levels are generally 
greater than or eqia.. to the actual output level (airborne noise) of the com- 
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Fig,   1-1.     Overall  Program Objective  Showing Some  of  the  Necessary 
Supplemental Efforts. 
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STRUCTUREBORNE 
NOISE 

AIRBORNE 
NOISE 

FLUIDBORNE 
NOISE 

Fig.   1-2.     Illustration of  the Three Types  of Noise Associated With 
Fluid  Power  Components. 
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ponent, these publiphed values might be used for an upper limit.  However, 
since little was published prior to this report regarding the standard 
deviation of sound level measurements for fluid power components, there 
has been a great deal of uncertainty associated with making any assumpti 
about true sound levels of modern fluid components.  Many advertisements 
of fluid power components might lead the reader to believe that fluid 
pump noise is not a problem.  This can occur because the published sound 
levels, for airborne noise only, are considerably less than the upper 
noise limits established by legislation. 

Recent tests have shown that 100 feet of high-pressure hose can pro- 
duce over 90dBA sound pressure level at three feet in a hemispherically 
divergenf. field.  The energy for this noise originates as pressure pul- 
sations in the pump.  Thus, even if the equivalent hose length were re- 
duced from that in the test, it is conceivable that a total system noise 
picture such as that illustrated in Fig. 1-3 might be obtained.  It can 
be seen that, even though none of the individual sources of noise for 
the total system exceeds 86dB, the total system level is in excess of 
90dB.  The importance of measuring, reporting, and limiting fluidborne 
noise has been verified by tests reported in this document. 

During this project, several objectives were pursued simultaneously. 
A major effort was oriented toward developing a reliable test method for 
the measurement of airborne noise directly emitted from fluid power pumps. 
Preliminary techniques for measuring fluidborne noise were discussed with 
members of the industry.  The latter discussions led to the development 
of a fluidborne noise document, which is currently being evaluated.  The- 
oretical evaluation of the measurement of airborne noise yielded equations 
which will allow accurate measurement in industrial environments previously 
thought unacceptable. 

An experimental evaluation of airborne measurement methods for fluid 
power pumps has pointed the way to procedure modifications which can yield 
acceptable repeatability within and between laboratories.  A new approach 
to the measurement of background noise offers the potential for reducing 
the uncertainty associated with the measurement of the airborne noise of 
fluid power components. 

Both published airborne sound levels for pumps and the results of an 
experimental survey conducted under controlled test conditions are re- 
ported in this document.  The results of fluidborne noise measurements 
are also reported in this document. 

The final chapter of this report makes specific recommendations 
based on the results of actual tests.  These recommendations include 
practical objectives of both a developmental and research nature which 
would allow attacking the principal causes of noise in fluid power sy- 
stems as well as establishing realistic limitations for airborne, fluid- 
borne, and structureborne noise in component and system specification. 
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Fig.   1-3.     Total  System  Noise  as  a Function of  Several Sources,   Including 
the  Fluid Power System. 
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CHAPTER II 

TEST PROCEDURE DEVELOPMENT 

The objective of this phase of the project is the acquisition of 
acoustical test methods which are acceptable to the fluid power indus- 
try.  Three test methods are needed, one method for each of the three 
types of noise found in fluid power systems.  During this project per- 
iod, project members participated in the development of an industrially 
recognized airborne noise test procedure. With the guidance of the in- 
dustry, a preliminary test method for measuring and reporting fluidbome 
noise was developed. Both ot the recently developed test methods are 
discussed in this chapter. 

TEST METHOD -- AIRBORNE NOISE 

The prodigious task of developing an improved test method for the 
measurement and reparting of airborne noise was facilitated by current 
events in the fluid power industry.  The first airborne test methods pro- 
posed to the industry by the FPRC were discussed during meetings at Okla- 
homa State University.  After these meetings, project personnel modified 
the original proposed test method for airborne noise.  While project per- 
sonnel were evaluating the FPRC proposal, current events in the fluid 
power industry prompted the formation of a Tri-Level Conference on noise. 

The Tri-Level Conference on noise was convened by t'.ie American National 
Standards Institute, the U. S. Technical Advisory Group (USTAG) to the 
International Standards Organization (ISO), and the National Fluid Power 
Association (NFPA).  FPRC personnel were active in the Conference and 
worked diligently to insure that the resultant airborne noise document 
represented the latest accepted thinking in fluid power industry.  Mem- 
bers of the Tri-Level Conference who participated in the development of 
the NFPA test procedures for airborne noise indicated that the new docu- 
ment represented a significant advancement for the industry.  The new 
Test Method for Airborne Noise is presented in Appendix G. 

The reader is encouraged to review Appendix G.  It should be recog- 
nized that the test method in Appendix G relies on accepted ISO acousti- 
cal documents foi the major acoustical requirements.  From a fluid power 
point of view, the important feature of the document is the recognition 
of the numerous items which contribute to the overall sound power level 
in a sound measurement environment. 

The document presented in Appendix G can be extended to any type of 
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fluid power component.  As illustrated in Fig. 2-1, airborne noise mea- 
surements can be made on fluid power pumps, motors, valves, and conduits. 
The airborne noise document (AND) was directed toward hydraulic pumps 
with the understanding that it could be extended to the other fluid power 
components. 

The center portion of Fig. 2-1 directs the reader's attention to the 
characteristics of the test facility, and instrumentation, and the instal- 
lation of the component.  The AND allows measurements to be taken in any 
acceptable acoustical environment.  The test environment must be certified 
by the appropriate procedure contained in ISO R-1680 [4j.  ISO R-lb8Ü also 
recommonds tolerances for the instrumentation.  Those characteristics of 
the noise source installation that are peculiar to fluid power systems 
are recognized in the AND. 

One of the principle topics of this report is the proper installation 
of fluid power components in the measurement environments.  Although more 
is presented later about component installation in the sound measurement 
environment, it is well to recognize at this point that the addition of 
drive shafts, pump mounts, mount supports, and fluid lines complicates the 
determination of the actual sound power level of a fluid power pump. 

There are several possible ways of presenting the results of a sound 
level measurement.  A few of these methods are presented in Fig. 2-1. 
The AND requires a presentation of octave sound levels versus frequency 
and an "A" weighted total sound power level. 

- TEST METHOD -- FLUIDBORNE NOISE - 

The proposed test method for measuring and reporting fluidbornc noise 
is presented in Appendix H.  The intent of the document is to parallel the 
AND as closely as  possible.  It is anticipated that both the airborne and 
fluidborne noise measurements can be obtained using the same test set-up, 
if it is desired to do so. 

It is shown in Chapter IV that fluidborne noise is a significant con- 
tributor to the overall sound power level in fluid systems.  Although other 
data exist to verify the importance of fluidborne noise [5], no known stan- 
dard exists in the fluid power industry for the measurement and reporting 
of this phenomenon. 

The general consensus at the Tri-Levcl Conference was that fluidborne 
noise is a significant contributor to system noise  There are some mem- 
bers of the industry who contend that pump fluidborne noise is more impor- 
tnat than directly-emitted, airborne pump noise.  The limited dots   that 
Is available supports this contention.  It Is questionable that the In- 
dustry hi's  been measuring and reporting the most Important fluid power 
noise. 

The fluidborne data presented In this report was obtained In a man- 
ner similar to that recommended by the proposed test procedure for measur- 
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SOURCE 
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ing tluidborne noise.     It  is  reasonable  to expect  that  a  large  degree  of 
confidence  can  be  attached   to  component  comparisons based on  the  data. 
However,   the  exact  degree of  confidence  associated with  any   reported   fluid- 
borne measurements  will not  be  known  until   adequate  controlled  testing  is 
accomplished. 

The  document  in Appendix H  is  a  reasonable  starting point   for  the 
development of  a fluidbome measurement  procedure.     Numerous members  in 
the   industry  have  suggested proceeding with  investigations  based on  the 
proposed method. 
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CHAPTER   HI 

THEORETICAL EVALUATION OF AIRBORNE NOISE MEASUREKuNT PROCEDURE 

li-si method evaluation lias been a   continuous project objective. 
The true net it ol any tost method becomes apparent once the procedures 

ore implemented in the laboratory.  The airborne test method proposed 

b> the Tri-Levcl Conference was examined both theoretically and •xperi- 

mentally.  This chapter discusses the theoretical evaluation ol the 

procedure.  Chapter IV presents the results ol the experimental evalua- 

tion ol the recommended procedure.  The results ol the theoretical eval- 

uallon were used throughout the experimental evaluation.  The data re- 

ductkn techniques developed in this chapter extend the capabilities 

ol practical measurement environments and allow accurate nnd repeatable 

measurement s. 

Fig. J-l diagrarcmatically illustrates a reverberant meosureraenl 

facility.  A reverberant facility 's used lor an example, but the resul- 

tant techniques can be applied to any measurement facility.  For the pur- 

poses ol using a realistic example, assume that a Ilu d power pump is 

the test unit, or unknown source, whose sound power level is desired. 

As shown In Fig. 3-1, the lest environment contains:  a diffuser, 

a reference source, a pressure transducer (microphone), a  drive and sup- 
port system, and the lest unit.  The outside environment l tu lüdei Instru- 

mentation, controls, and a dr..e »yatcm, or power supply, lor the pump 

to be t es ted . 

It the test environment were Ideal and the drive and support system 

lor the pump made no noise, then the difluaer and reference source could 

be removed Irom the lest envlrontaen! and measurements could be mode which 

would accurately reflect the characterlstles ol the pump.  Unfortunately, 

the real world precludes th.'. luxury 

The first step lowjrd dealing with the real world might be   to recog- 
nl;« thai the drive and support will make some noise.  II It does, nnd 

they do, then It Is a relatively simple matter to measure the background 

noise I rom the drive and support and subtract 11 ! ro«a the mertBuretsent 0 

made while the pump Is operating under lent condttlonn.  Thus, It In ob- 

vious that any practical environment will have »oeae background noise level 

which will affect sound mensurcment s   The more lde.il the lent »yalco 

and environment, the more negligible the background effeels. 

Extending Ihr idea ol background noise a lllilr further allows an 

a»counting to be made for noise Irr« diflunern and the outside environ- 

Bent.  II »he diffuser dors not make any noise and no nolsr enters the 

measureotent environment Ire« ihr outnidr, ihm ihr data r«ductlon proerss 

10 
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is slmplllled. But, in general, baic kKrountl nulsc frorr the diffuser ond 

tlu' outbids environment tmint he considered in the daui reduction proce- 
>iu re 

Tlie apparent background (B ) that exists during o   test is a   function 
of several noise sources.  The background sources for the example include: 

the building background (B), the sound outp.it of :he diffusers or vanes 

(V). the output of tirlve and support system (D ), and the noise that is 
5 

transmilted through the walls from the outside environment. 

Prior to defining data reduction expressions, it is necessary to con 

sider the purpose of the reference source.  A calibrated sound reference 

source allows noise data to be corrected for the imperfections of the 

lest facility   A correction for measured data Is determined by coenpar- 

in^, the certified levels (R ) f^r the reference source to measured sound 

levels for the reference source.  Each time a data run is made on an un- 

known source, a   run is made on the reference source. 

For example, it it is desired to determine the background in the 

lest environment due to the surroundings, then a measurement would lu- 

made ir the test room (B?); ond subsequently, the reference source would 

be measures (K_,) in the test rooia   An I I.C Reference Source has on out- 
'b 

put above (OdK ot most 1/J octave center frequencies between 10U Hz ard 

lü.uCO Hr.  If the Beasured level In the room (B) Is 'ibiib  or less, then 

it is reasonable to osso-e that B did not affect the oeasurecents R, . 
* b 

Thl-i reosoring allows tl  definition of t be background B as: 

&-- [Bi+^-fcb-jfo] O-l) 

The   brackets   '  [   In  Kq     (J-l)   indicate   '.bat   on   opcrotion   on   powers   is   re- 
quired;    lb;    braces   {    J    Indicate   that   an   operation   In   decibels   I»   required 
In   th«!   case   ol   Eq.    (J-i),   If   B  were   significant    relative   tu   R     ,   than   a 

power   correction  of   the  aeosurcssent   R...   would   be   necessorv.      Tbe   differ- b 
rnce   between   the   certified   reference   level,    R   ,   and   the   Beflsuretaent   R 
Is   a   coi reel Ion   for   the   .facility   In  dB   and   can   be   idded   directly   to   o' 
dfl   reading   for   B   . 

Given   the   background   sound   power   (B)   in   the   roia,   a     ..:.,.-:   of 
tbe   vane   noise    (V,),    and   an   assoclated   reference   aeosuretsenl    (R      ),    11 
in   possible   to   detenalne   tbe   sound   power   of    the   vane.    V.      Kq.    0-2)    sltow« 
! tie   relotlonnblp   )>etwcc;i   V,    the   »rasu rea<n I B ,   and   tlie   background. 

v-ftv^-fov-«]]-^ (J-2) 

Since   the   ooun-J    level    In   an   l T(J\.ie t r I a I    I vpc   sound   ir.e asureaenl   environ- 
R^nt    i an   be    influenced   by   tbe   >'u(Blde   Bound    level,    it    in   letpcrtont    to   essa- 
»Ine    (lie   attenuation   of    tbe   WOIIB   of    t l»e   test    environment (»ne   tteaBure»ent 
vl.iib   IB   needed    for    tblo   e «atsl na t I i.n   r»(    {be   wail    attenuation   or   trsnBSSlB- 

I? 

i\    ■    «•* 
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slon loss (T ), Is the background outside (B ) of the test environment. 
Data needco to complete the evaluation of T  include a measurement out- 
side durinp. the test (T..), a measurement inside the environwent during 
the test (T9 ), and an associated measurement of the reference source 
(R  ).  Thi§ data can be combined according to Eq. (3-3) to yield T . 

T^ [T0VttTu+Rc-\:^-B]}-V-B| (3-3) 

Once V, B, and T  are available, tests con be conducted to determine 
the sound power output of the drive and support system.  One recoraDended 
approach for obtaining background measurements involves disconnecting 
the drive coupling at the test pump and then measuring the noise output 
when the drive is operating at test speed.  For this test condition, three 
measurements arc needed:  the level outside the environment, D.; the lev- 
el in the test environment, D^; and a reference measurement, R  .  The 
sound power output of the drive and support system, D , can be determined 
trom the following expression: 

tV [{P!tRt-D?u-V~BlS-V~B-i&>rB3-T.i] o.., 

The apparent background, B , that exists during a test can be cal- 
culated using Eq. (3-5)       0 

B^[{eT,-Bt>\]+t>+V + 8l (3-5) 

The seasurciacnc T. is the level outside the (etc rooa during the test of 
the pusap. 

The ocanurcoent of the puesp operating at test condlnons is S . 
The reference i&eaaureBcnt associated with S  is R  .  With these ocasure- 
ccntn, T , and Eq. (3-5) for B , It U posalble t5 express the sound level 
of the «ource at: 

S^t^+Ec-tes-V-fc}]-^ (3-6) 

ll U leporcant to point out that Kqs. (J-l) through (3-6) represent oan- 
Ipulallono of the orflnurrcml B at a single center frequency. These equa- 
tion» apply to linear coeabtnations of Individual levrln, but they do not 
apply In general to the cooblnatlun of weighted levelfl. For example, 
«hcBc equation« cannot be uued to directly correct dBA tseasureoento. The 
Jttporiari point la that the equation« do apply prior to weighting level«. 
Aitcrvardo, they can bo cooblncd for "A" weighted total lovol«. 

In an Ideal facility, neglecting (he fluid line« and puap mount, it 
Wi.uld be p(»a«lhlc to aahc one tspasureeent and have the «nund level for a 

1 ! 
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pump.  In an industrial measurement facility, it would be best to use the 
complete set of Eqs. (3-1) through (3-6).  The use of equations such as 
those presented will reduce the measurement variation between laboratories, 

Table 3-1 is a complete worksheet for computing the sound level of 
<i component.  Once initial values are established for the background mea- 
surements, the worksheet can be reduced.  Table 3-2 shows a reduced work- 
sheet lor calculating the sound power level of a component.  For a given 
test, a maximum of three measurements would have to be made and recorded 
in the latter table.  The remaining five rows of the first eight rows 
would already be completed based on previous tests.  The table could be 
readily completed using a hand calculator or a set of tables.  Of course, 
the data could be entered directly into a digital computer, which would 
do the computations and present the results of the data reduction. 

The remaining section of this chapter discusses a computer program 
for implementing the data reduction technique presented in Eqs. (3-1) 
through (3-b). 

AIRBORNE NOISE-COMPUTER PROGRAM 

The airborne noise-computer program presented In Appendix B is writ- 
ten in the Fortran IV langiage.  The data reduction procedure is outlined 
in the first section of this chapter.  The program inputs are the measured 
sound levels in dB of the backgrounds, reference source, and component 
being measured.  The values for the transmission loss of the reverberant 
room wall are not calculated by the computer.  The same transmission loss 
applies to all tests in a given room.  The transmission loss results ob- 
tained from Eq. (3-3) are used as inputs to the computer.  The program 
corrects the measured levels for a component using the background data. 
The correction procedure requires the proper addition and subtraction of 
the measured levels. 

The linear addition ^nd subtraction of sound levels is not accurate 
fur levels measured in decibels.  A simple  ransformation to power makes 
it possible to perform these calculations.  For example, if the measure- 
ment level in a given 1/3 octave band is 7odB and the background level 
is 72dB, how is the actual level of the source corrected to account for 
the background?  First, the dB levels must be converted to power.  This 
may be accomplished with the expression (7): 

POWER 10 
(dV14)/o 

(3-7) 

The   power  associated  with   7()dB  1B   1.38,   and   the   power  associated  with 
72(fB   is  0.63.     The  bcckground-corrected   power   for   the  source   is: 

(3-8) 

U 
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TABLE 3-1 

COMPLETE WORKSHEET FOR SOUND POWER LEVEL (dBA) 

C  D = ADD AS   POWERS       {}  E  ADD   AS dB 

V+B 

d 
z 
u 
z 
3 

125 
(HZ) 

2 50 
(HZ) 

500 
(HZ) 

1,000 
(HZ) 

2,000 
(HZ) 

4,000 
(HZ) 

8,000 
(HZ» 

l B| 
2 Bg 
3 D| 
4 Dg 
5 "C 
6 R2B 
7 R20 
8 R2S 
9 R2L 

10 R2V 
1 1 s2 
12 T| 
13 TIL 
14 T2L 
15 V2 
16 
17 C5-63 
18 f 2+173 
19 C 10-18 3 
20 15+15-19) 
21 C-18+203 
22 C-l + 133 
23 CI8-t-2! 3 
24 C9-23D 
25 15 + 14-243 
26 C-23+232 
27 C22-26D 
28 TL(6) 
29 C7-233 
30 J4 + 5-29J 
31 C-l + 33 
32 f31-28? 
33 C-23f 30-32 D 
34 C-I4-I2D 
35 (34-28} 
36 C23+33+35D 
37 C8-233 
38 S 5+11-37? 
39 C-36+38 3 
40 dBA   CORR. 
41 {39+40} 
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TABLE  3-2 

REDUCED WORKSHEET    FOR 
SOUND  POWER   LEVEL   (dBA) 

r n = PWR      DRIVE   SP FFD R PM        llrdB 

d 
z 
Ui 
z 
3 

\   CENTER 
XFREQUENCY 

X^ HZ 

VARIABLE      N^ 

i2S 
(HZ) 

1 

250 
(HZ) 

500 
(HZ) 

1,000 
(HZ) 

2,000 
(HZ) 

4,000 
(HZ) 

8,000 
(K^) 

1 Bl 

2 Ds 
3 Rc                 1 

4 R2S 

S S2 

6 Tl 

7 TL 

8 V+B 

9 C-I + 6D 

10 ^-7+S} 

II C2+8+I03 BA, APPARENT    BACKGROUND 

12 C4-83 

13 53 + 5-123 

14 C-II+I3D S,SOURCE    LE \IEL 

15 dBA   CORR. 

16 f 14+ 15} Lu,CORRECTED   LEVEL 

7 

I 
i=l 
2[i6i] = dBA    TOTAL POWER 

lb 
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The  background corrected source   level in dB may  then be  computed using the 
expression: 

dR = \0 {10^ IPWR^ +14 (3-9) 

For  the  example,   the  corrected  sound   level  is  73.8dB for the source. 

This method of  adding and  subtracting sound  levels  is  used  exten- 
sively  in  the  computer program and provides significantly more  accurate 
results   than other  techniques. 

The   program output  is   shown  in  Table  3-3.     Columns   1   and   10  are 
the   1/3  octave  band  center  frequencies  used by  the  program.     The  other 
output  columns  are  described  below. 

TABLE  3-4 

DESCRIPTION OF AIRBORNE NOISE PROGRAM OUTPUT PARAMETERS 

LUB 
LRB 
LR 
CORR 

LU 

BA 
VA 
PWR 
DBA 

Measured Level of the Unknown Source 
Measured Level of the Reference Source 
Calibrated Level for the Reference Source 
Correction of LUB Dur to Inconsistencies in 
Temperature, Humidity, and Room Design 

Corrected Sound Level of the Unknown Source 
(component) 

Background Level in the Measurement Environment 
Background Level Dur to the Acoustic Diffusers 
dBA Weighted Power 
DBA Levels for the Unknown Source (Component) 

The program also prints total unweighted sound power, "A" weighted 
power, dBA weighted sound power, and dBA weighted sound power three feet 
from the source in a hemispherically divergent field.  The system para- 
meters are self-explanatory.  The values for the system parameters are 
read into the computer at the beginning of the program. 

17 
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CHAPTER IV 

EXPERIMENTAL EVALUATION OF AIRBORNE NOISE 

MEASUREMENT PROCEDURE FOR FLUID POWER PUMPS 

The primary objective of experimentally evaTuatlng the airborne noise 
test method is to determine the degree or confidence which can be associ- 
ated with the reported measurements.  The degree of confidence associated 
with a set of data can be established statistically. Statistically, the 
degree of confidence is related to the standard deviation.  Small standard 
deviations, or variations between measurements, allow a high degree of 
confidence.  Large variations between measurements reduce the degree of 
confidence in those measurements.  There are five major areas for varia- 
tion in the airborne noise test:  1) variations in installation of the 
component and its support equipment, 2) variations in measurements due to 
the test facility, 3) variations in the measurement procedure, 4) varia- 
tions in the procedure for reducing the test data, and 5) variations to 
the actual output of the device under test. 

The importance of minimizing each possible variation can be emphasiz- 
ed by reviewing a method for predicting the total error caused by a group 
of errors.  Total tolerances or errors are often predicted by taking the 
square root of the sum of the squares of the individual errors.  If each 
of the five possible variations is IdB, then the total predicted variation 
is 2.24dB.  However, if each variation is controlled to O-.'JdB, then the 
predicted total variation is 1.12dB.-'- If a component mar.ufacturer or user 
is looking for differences in the sound power levels of components, then 
the test errors must be minimal in order for the differences to be appar- 
ent. 

Variations in the sound output of the unit to be tested should be 
averaged during the test.  It was impractical to control these variations 
which are due to normal component characteristics. 

No formal attempt has been made to evaluate the insignificant vari- 
ations which can occur due to the techniques used for data reduction. 

The three principal sources of variation between measurements examin- 
ed are:  1) varations due to the test facility, 2) variations due to 

For the purposes of the example, arithmetic operations on dB are accept- 
able.  In general, arithmetic operations should not be performed on dB. 
Consider the case of averaging.  If two levels that differ by 6dB are 
averaged arithmetically, the resultant average is IdB in error. 
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the installation of the component, and 3) variations due to measurement 
procedure.  Eacli of these variables is discussed in the following para- 
graphs. 

- FACILITY VERIFICATION - 

Introduct ion 

One primary concern of this developmental investigation is the ac- 
quisition of test results which allow confident differentiation between 
measured sound power levels.  The immediate goal is to provide measure- 
ment techniques that allow accurate distinction between fluid power com- 
ponents for specification purposes.  Considering the vast number of en- 
vironments, types of instrumentation, and fluid power component support 
systems that can be grouped to provide a measurement facility, the task 
of accurately and repeatably measuring a given source is formidable. 
Even the proper combination of environment, instrumentation, and support 
system will not supply meaningful information without proper verification 
of the facility's capabilities.  This section is concerned with methods 

of facility verification and means through which the accuracy and repeat- 
ability of sound measurements can be improved. 

Environment 

The test environment plays a dominant role in the overall credibil- 
ity of measurements obtained in a given facility.  Although there are 
many suitable types of measurement environments, the measurement charac- 
teristics of a reverberant environment will be considered in detail for 
two reasons -- 1) its ease of implementation with respect to fluid power 
component measurement and 2) the availability of this type of environment 
for testing by the Fluid Power Research Center. 

The ultimate reverberant environment is capable of producing a to- 
tally diffuse field.  A diffuse sound field is defined as a .^ound field 
where a great number of reflected waves from all directions combine in 
such a way that the average sound energy density is uniform everywhere 
in the field [5].  A perfectly diffuse sound field is an idealization 
and unattainable for all practical purposes.  Thus, discussions of rever- 
berant environments are constrained to defining how closely a given room 
approaches diffusivity. 

It is well known that the inherent lack of diffusivity within a re- 
verberant environment results from the combination of many reflected 
sound waves into distinct patterns known as standing waves.  The stand- 
ing wave phenomenon causes areas of varying sound intensity within the 
measurement field, which renders the field non-diffuse.  Without proper 
modification of the measurement field, errors of five decibels or more 
can occur for a pure tone source.  A pure-tone source radiates sound 
waves of only one frequency.  Fluid power component frequency spoctrums 
often contain dominant pure tones. 
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Proper  verification usiny  a pure-tone   test   Insures   repeataoility. 
it   is  well   known   that   the   repeatability   of   any  meaaureroenl   obtained   in 
a   reverberant   environment   is  equal   to   or  better   than   the   repeatability 
for  the  measurement   of   a pure   tone.     Therefore,   modification  of   a   rever- 
jerant   room   to  produce   the best   possible  measurement   of   a pure-tone   sig- 
nal   insures   the   best   possible   measuremeiU   of   any   source.     Acoustical   dll- 
fusers   are  one   type  of modification  which  evenly  distributes   the  sound 
energy  within  the  measurement   field. 

There   are   two  general   types  of   dlffusers   used  to modify   the   measure- 
ment   characteristics   of   reverberant   environments   --  the moving or   rotating 
plane   (vane)   and   rotating   cone   or   cylinder.     Both   types   are   shown   In   Fig. 
4-1.     The   rotating vane  has   been   installed  and  tested  in  Che   Fluid  Power 
Research   Center's   reverberant   room. 

The   improvement   of  measurement   repeatability  by   rotating  vanes   is 
demonstrated   In  Tables   4-1   and  •'»-2.     Table   4-1   shows   the  Improvement   with 
respect   to  vane   speed   (RPM)   for   one   vane.     Table   '«-2   demonstrates   the 
repeatability   improvement   realized   by   using  more   than  one  vane.     These 
two   tables   are   shown   graphically   in   Figs.   4-2   and  4-3   respectively.      Fig. 
4-3  shows   that,   as   the   rotational   speed   Increises,   the  sample   deviation 
decreases   drastically.     The   addition   of   a  second   vane   further   decreases 
the   sample   deviation  of   the measurements. 

The   result  of  using vanes   in  the  measurement  environment   Is   the   re- 
duction   of   the   sample   deviation   by   an   order   of   magnitude.     The   design   of 
vanes  and   the  determination  of   the  proper   rotational   speed will   not   be 
discussed   in   this   report.     Full   conslderat lo.)  of   these   topics   is  present- 
ed   in   the   BFPR Annual   Report   72  AV-2B   [5].     The  significance  of   the   re- 
ported  sample   deviations  can  be  understood bv   considering recommended 
sample  deviations.     The  AcoustK.al   Society  of  America  (ASA)   has  published 
values   for   the  maximum  allowable  standard  deviations.     Maximum values   are 
published   (6)   for   both  broad-band  and   pure-tone   sources.     Fig.   4-4   con- 
tains   a plot   of   the  maximum allowable   standard  deviation  versus   frequency 
for  a  broad-band  source.     A broad-band   source  emits equal   power   In   all   fre- 
quency   bands.     Fig.   4-4   indicates   that   the   Fluid   Power   Research  Center's 
reverberant   room has  excellent   dlffusivity. 

According   to   the  ASA,   the  measured  standard  deviation  of   a   315  Hz. 
pure   tone   can   be   as   large  as 2.0dB.     The   standard  deviation  of   a   315  Hz. 
signal   in  OSU's   reverberant   facility   Is   .95dB.     The  rcconaendations  of 
the   ASA  do  u .^t   appear  stringent   enough   to   produce   repeal able   results.      The 
last   statement   may   require   clarification.     A short   example  will   be   present 
ed. 

ASSUME:        Broad-band  noise   Is   being measured   in   ,i   rovorberont 
room. 

GIVEN: For   the   315   Hz.   1/3  octave   hand,   the   ASA  allowable 
standard  deviation   for  measurementB   IS   1.OdB   (See 
Flg.   4-4). 
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OSCILLATING 
PLANE 

ROTATING 
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CYLINDER 

ROTATING 

CONE 

Pig.   •'•-1.     Varloui Typo»  of  Acountlcal   DlffuMsrn 
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SAMPLE   DeVIATlON(S)   I^a,RO\•^:«EST 

DUK  TO  INCREASING VANE  SPEED 

FOR  PVRE   TONK  HEASUREMErOS 

HI   ruphonc 
Co   It Ion 

Vane   Speed   (RPH) 
0 4.) 9.1 16.1 

1 9 7.80 93.10 92.90 91.40 

2 84.10 96.2 3 93.20 69.55 

3 87.50 96.7i 96.25 93.00 

Ho «n 69.62 94.70 94.11 91.31 

S 8.07 2.16 1.96 2.04 

TABU    '.-2 

SAMPLE  DEVIATIONS)   IWROVEHEKT 

DUE  TO   INCREASING  THE  NUMBER  OF VANES 

FOR  FIRE TONE KEASUREMENTS 

Microphone 
Poult Ion 

Vano  Cl                          Van«   I t  Vane  2 
!io  Vanc                            lü.l   RPH                          6.5   RPH   i  4   RPH 

1 

2 

3 

Ha .HI 

S 

9 7,60 

84.15 

87.52 

69,82 

8,07 

91 .40 

89.55 

9 3,00 

91.31 

2.04 

93.56 

94.10 

92.50 

93.35 

0.95 
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The   above   Inlareal ion   yU-lüii   a   997.  conlldvncc   that    the-   actual    Irvd 

I»   within   ♦     J.OdB   of    the   Bcasurrd    level.       For    t lie    FIUI tj    I'owe r    R«'9earcti 

Crnlc-r'B   reverberant    facility,    the   ataiulaul   deviation   at    J1'J   II«.    la   ü.2clh. 

Thin   -i-.if.s    that    In   the    latter   caie    the   991   confidence    level       IB   ♦   0.6dE. 

Thl»   esasspli    ha«   been   slespllfled   to   one    1/J   octave   band,    but,    t he 

tta»e   analysis   bolim   true    for   the   total   spectrua   of    fluid   powcl    coaponents 

The   aaaple   deviation   of    an   Individual   —.easuretaent   isuat   be   significantly 

SeBB    than   tde   sound   pover   deviation   associated   with   all    cooponents. 

Ekonplc:       If    the   sanple   deviation   of   an   Individual   oeaaureaent    1»   not 

atKnlflcant 1v   less   than   the   deviation   associated   with   all   coeaponents, 

distinction   between   coasponents   Is   not    possible        Thl»   tact    Is   «hovn   tfrap- 

hUaliy   in   riß.     t -'j        The   deviation   of    the   aeasu«csrnt B   lor   coaponcnttt 
A   and   ft   is   t-'o   larpe   to   say   with   any   degree   of   confidence   that    the   actual 
sound   levels   of   A   and   B   '»re   not    the   saae . 

If   the   sasple   deviation   of   an   individual   aeanure^ent   la   tlgnltl- 

-antly    less   than   the   deviation   associated   with   all   exponents,   distinc- 

tion   between   coeponcnt»    Is   possible   with   a   ßreat   deal    of   confidence This 

Is   ahovn   In   K1K     ^-6. 

There   are   various   i&cthcMls   of   verifying   the   presence   of   a   diffuse 
field        One   generally   accepted  aethcHj   of   facility   certification   is   pre- 

sented   in   ISO  Keco«!c»-ndai ion   Kl&BO   and   suaisariecd   as   follows:      Using   a 

broad-b^.d   sti-y^e,   take   Rieasuressieat s   at   not   lese   than   10   points   on   a 

radius   I/J(V)   '    froo   the   jocrce,   where   V   1»   the   volus&c   o<   the   roon. 

lake   an  equal   nuaber   of   Rieasuresient s   on   a   radiutt   ~/J(Vv'-'    Sn^e   the   »ource 

Average   the   sicasu re«ien t»   taken   on  each   radius   for   each   frequency   band   of 

interest        If   in   any   band   the   difference   of   the   averaged   values   Is   greater 

than    IdB,    t'te   ac as u reibe nt    field   is   non-diffuse   r * l 

Thl»   Bielhod   of    facility   certification   provide»   a   confidence   of   951 

that    the   actual   level    in   every   band   is   within   ♦   l    7dä.      Jtore   accurate 

neaaurceiient   can  be   Insured   by   requiring   that    the   difference   in   the   aver- 

aged    level»   be   lea»   than   IdB. 

I n» t rcwient at jon 

inst rutwnlat ion  sauet   be   considered   an   integral   part   of   the  e&easure- 

»ent    facility.      InBtruswntat ion   averages   the   input   signal   to   produce   an 

output        The   length   of   t i sie   the   1 n« l ruaen t at ic n   averages   the   input   sig- 

nal    to  deterolne   the   output    is   known   a»   the   averaging   line.       In   general, 

the   longer   the   averaging   tie*,   the  e«>re   accurate   the   output.      Long   aver- 

.ging   tine»    for   acoustical   B.eaBure»enl»   require    lengthy   testa.    Thete- 

!ire,    the   individual   «auot    optiealse   the   teat    t lae    (averaging   tie«)   with 

reapect    to   the   accuracy      .-..:<■ 

1! a leve rbe rant room la uaed aa the oeaeuresient envl ronoent , with 
rotating vanea t "• leprove the dlffualviiy, the Signal level in one fre- 

quency   band   will   appear   «ruch   like   the   one   Bhovn   In   Fig.    '•*•!.    The 
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DEVIATION   OF 
MEASURMENTS 
FOR   COMPONENT 
B 

DEVIATION OF  ALL 
COMPONENTS 

DEVIATION   OF 
MEASURMENTS 
FOR COMPONENT 
A 

Fig.   4-5.     Deviation of   Individual   Kt:asurcocnC8   too  Great   to  Provide 
Distinction. 

Fig*   •'•-(>.     Deviation of   Individual  Hcasurcucnts Saall  Enough   for 
Caoponcnt   Distinction. 
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variation in the signal level shown is a result of the variation of the 
source and the variation in the sound level at the microphone face due 
to the rotation of the vanes.  The rotating vanes cause the standing 
waves in the room to move across the face of the microphone.  The vari- 
ation of the signal level from the mean demonstrates the error that can 
be obtained with measurements taken in a reverberant room without the 
vanes present.  The instrumentation must average this signal to provide 
an accurate estimate of the mean.  The mean of this signal is the sound 
level within the frequency band.  One general rule is:  average for at 
least one complete cycle of the slowest vane in the measurement field. 
This rule couples the instrumentation averaging time with the vane speed. 
Thus, averaging time should be considered in conjection with the selec- 
tion of proper vane speed to provide maximum diffusion. 

Repeatability of Component Measurements Within a Facility 

Proper certification of the measurement environment will not in- 
sure repeatability of measurements if the source output varies drastic- 
ally over long periods of time.  Also, the certification does not insure 
that a given component will produce repeatable sound levels.  In order 
to examine the repeatability of component measurements in a certified 
environment, a test was conducted.  A fluid power pump was installed 
in the reverberant facility. Measurements on this component were made 
on two consecutive days.  The standard deviation of the resultant dBA 
levels was 0.3dBA.  This test f.hows that excellent repeatability can 
be obtained on a dBA basis. 

Repeatability of Measurements Between Facilities 

Absolutely no data is available from the fluid power industry to in- 
dicate how repeatably a component can be measured by more than one facil- 
ity.  Without a knowledge of the repeatability that can be expected bet- 
ween acoustical measurement facilities, comparison of the data produced 
by these facilities is impractical. 

The Fluid Power Research Center has proposed a measurement survey 
which will provide the necessary data to indicate the practicability of 
the comparison of sound level measurements taken in different fluid power 
laboratories.  The survey is divided into two phases.  Phase I will be 
the measurement of the electronic acoustical reference source discussed 
in Appendix D.  The data acquired from the measurement of this source 
will indicate how repeatably different facilities can measure a source 
that is not affected by the fluid power support system.  Phase II will 
be the measurement of a given fluid power component and will indicate 
what effects the fluid power support system has on the repeatability 
between laboratories. 

Conclusions 

The implementation of the recommendations presented in this section 
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can provide accurate and repeatable sound power measurements of fluid 
power components.  Some type of facility certification must be conducted 
to verify the repeatibility of measurements within a facility.  Data 
must also be obtained that indicates the repeatability that can be expected 
from measurements in different laboratories. 

- ISOLATING COMPONENT NOISE - 

There are several variables introduced into the measurement envir- 
onment by the support system necessary to operate a hydraulic pump.  These 
variables include:  airborne drive shaft noise, structureborne drive shaft 
noise, fluid conduit noise, pump mount noise, drive support noise, and 
load valve noise.  In order to document the variation which can typically 
occur because of these factors, several experimental results are presented 
below.  During the tests discussed in the following paragraphs, only one 
variable was changed at a time. 

Airborne Drive Shaft Noise 

A pump test was conducted without a cover over the drive shaft sup- 
plying power to the pump.  Afterwards, a cover was installed over the 
drive shaft and taped to the pump mount and wall of the test chamber. 
Table 4-3 shows that the variation in measurements which occurred was 
2. IdB in total sound power and 3.1dBA in total "A" weighted sound power, 

Structureborne Drive Shaft Noise 

In one test facility, it was determined that the drive shaft was 
transmitting an unusual amount of structureborne noise to the pump. 
This occurred because the drive shaft was supported externally by a bear- 
ing which was mechanically coupled to the power supply (Fig. 4-8). Al- 
though a flexible coupling was located between the power supply and the 
drive shaft, the same mount held the power supply and a drive shaft bear- 
ing. A rigid coupling was used to connect the pump to the drive shaft. 
It was extremely difficult to isolate the problem because when the back- 
ground measurements were made in the conventional manner of disconnecting 
the pump at the drive shaft in the room, the structureborne path was also 
srvered. Once the problem was isolated and the bearing uncoupled from the 
power supply, a decrease, of 5.8dBA was observed in the measured apparent 
sound power level for the pump under test.  Table 4-4 shows the results of 
the tests before and after modification of the drive system. 

Fluid Conduit Noise 

Controlled measurements were made of a pump and the support system 
with the fluid conduits to the pump uncovered.  Each of the fluid lines 
to the pump was covered individually and a measurement made after each 
modification.  Table 4-5 shows the changes that resulted in total dBA 
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TABLE 4-3 

Effects of Drive Shaft Cover. 

Test Condition )         Sound Power Level 

No Cover 93.1dB        91.5dBA 

With Cover 91.0dB        88.4dBA 

TABLE 4-4 

Effects of Structureborne Drive Shaft Noise. 

Test Condition Sound Power Level 

Before Modification 85.4dBA 

After Modification 79.6dBA 

TABLE 4-5 

Effects of Wrapping Fluid Lines, 

Test Conditions Sound Power Level 

Before Wrapping Lines I       90.3dBA 

After Wrapping Suction Line SS.BdBA 

After Wrapping Suction & 
Outlet Lines 85.5dBA 
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after the lluid conduits in the measurement environment were wrapped 
with a layer of foam rubber covered with leaded vinyl.  The total de- 
crease in sound level with the fluid line treatment was 4.8dUA. 

Pump Mount Noise 

Pump mount noise can be reduced two ways.  First, the basic con- 
struction of the mount can be altered.  Second, acoustical material can 
be placed on the mount to attenuate its sound power output.  Table ^-6 
shows the results obtained by modifying the mount and covering the mount, 
Each of these changes was made individually.  The total reduction in the 
"apparent" sound level of the pump was 2.bdBA. 

Drive Support Noise 

Acoustical treatment was used to cover the support for the pump 
drive in order to minimize the background effects due to the support 
and the fluid lines embedded in the support.  Table 4-7 shows that 
this treatment produced a total reduction of 3.3dBA.  The treatments 
for drive support noise and pump mount noise were accomplished in se- 
quence with only one change being made at a time.  The total reduction 
due to these treatments was 5.9dBA, which means that approximately four 
times as much power was coming from the untreated portions of the sup- 
port system as was emanating from the pump. 

Load Valve Noise 

In some facilities, it is tempting to install the load valve for 
the pump in the test environment.  Table 4-8 shows that, in one in- 
stance, removing the load valve from the test environment dropped the 
measured sound power level by 4.0dBA.  Although a load valve could be 
acoustically treated, it is recommended that the number of circuit 
components in the test environment be minimized. 

It is apparent, after considering the results of the tests re- 
viewed in this section, that the measurement of a background for cor- 
recting the measured sound level of a pump is a critical part of the 
proposed test procedure. 

- BACKGROUND MEASUREMENTS - 

The current industrial recommended procedure for the measurement 
of fluid power component noise suggests the measured sound power level 
ol a pump (L1) be corrected by subtracting a background measured with 
the drive disconnected.  The background is subtracted, in the proper 
manner, from the measurement of the component to obtain the actual sound 
power level.  This method corrects for noise generated by sources un- 
related to the fluid power system In the measurement environment and 
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TABLE 4-6 

Measurement Variations Due to Mount Configuration and Covering Mount 

TOTAL SOUND POWER (dBA) 

Conditions Mount w/Braces Mount w/o Braces 

Mount  Covered 85.4 84.6 

Mount  Uncovered 87.2 86.3 

TOTAL SOUND POWER  (dB) 

Conditions Mount u/Braces Mount u/o Braces 

Mount  Covered 88.7 86.3 

Mount  Uncovered 
88.6 86.0 

TABLE 4-7 

Noise Reduction Due to Acoustically Treating Drive Support 

Test  Condition Sound Power Level 

Support Untreated 84.6dBA 86.3dB 

Support Covered 81.3dBA 63.9dB 
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TABLE  U-8 

Koltiu   Reduction   Due   to  Taking  Load  Valve  Out   of   Test   Envlronnent 

Test  Condition 

Valve   in  Rocm 

Valve   Reooved 

Sound  Power  Level 

84.5dBA 

HO.SdBA 

I 
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nül»f   I ranali-rroO   Into   the   rnvtionmcnl    Iruo  outsliU-        11   the   iacllity 
ha«   been   veil (led,   lln-   corrected   •••,.:..:   level   1»  an  accurate   acaaurcmeiu 
o!    the   puasp,    lluld   line»,    pump  Dounl,   and   other   varlohlcn.       II    t he 
noise   produced   by   the   '. Iner   or   the   purap  nxmnt   or   bi>th   ol    these   sources 
is   grcflirr   tl»on   the   noise   produced   by   the   puap,   the   sou'.d   power   level   ob- 
tained   Is   an   accurate  eeasurecent   ol   noaethlng  other   tlan   the   puap.      to 
::.:•.   case,   the   actual   stntnd   power   level   ol    the   punsp   Is   i.-ss   than   the  mea- 
sured   level.      II   ehe   sound   enltted   Iroa   the   extraneous   sources   tscnlloned 
Is   considerably   less   titan   the   sound   radiated   I rota   the   puap,    the   sound 
power   level   obtained   by   corfectiitg   with   the   disconnected   drive   B.»thod 
Is   equal   to   the   actual   sound   power   ol   the   putap.      A eaxlBus   level    (L        ) 

pax 
will   be   obtained   by   subtracting   the   sound   power   level   obtained   ...   the   tsea' 
surenient    Irclllty,   while   the   drive   to   the   putsp   Is   disconnected   (I) 
In-o   the   sound   power   level   obtained   In   the   «aeasuiecsenl    Iacllity   while   the 
drive   to   the   pump   Is   connected   (L').      The   actual   sound   power   level   o! 
the   putap   (L   )    is   less   than   or   eejuöl    to   the   level   obtained   (L        ).      Then: 

L^L vvi** (i-U 

A second proposed sethiHl lor eedsurlng the sound power output ol 

a puap suggests that the sound power lev^l aeasured lor the coesponent 

(L') be corrected by subtraction ol the sound power level d-j.) obtain- 

ed by covering the puap with a "box" (acoustical isolator).  II the 

"box" la a periect acoustical isolator, all noise that Is not directly 

radiated Into the "box" will be accounted lor during the subtraction ol 

the two levels: 

Lb= Ut> -L 5 
{•'.-2) 

Assualng that only puap noise enters the "box" the resultant level (L ) 
will be the actual sound power level ol the puap. " 

Conversely, 11 the "box" Is not a   periect acoustical Isolator, 

scxac ol the noise radiated Iroa the puap will be aeasured during the 

ttae the "box" Is Installed.  The corrected reiult would be a sound 

power level which Is less than the actual sound power ol the coaponent. 

Subtraction ol the sound power level obtained. In t le measuretsent 

Iacllity, while .1 "box" Is Isolating the noise radiated I roa ihe puap; 

I ro«a the aeasured sound power ol the puap, yields a alnlaua level (l.   ) 
O 11* 

for   t hr   octvial   noutnl   power   o(   the   cocs|>oncnl : 

L^ > \- (^-3, 

where (1. ) Is the actual sound power level of the puap. 

II both o( the aethods that have been discussed are uS«d during 
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I he  lacddurcascnl   ■'!   o   toeponcni,   the   actual   sound   pnvcr   Icvrl   ol   I he 
cunponent   will   be   b4>ui>dctl  on  both   »tdcB       ■nu-n: 

L VAI*\ tU^L way (.'.-•.) 

whore;      L was   obtained  with   the     box     BelhcHl,   and   L wae   oblMncd 
nln sax 

viiilnu   the   drive   d 1 nconnec t In^  caetluHl. 

The   suRReated   "braeWelInR"   protrdure  wan   applied   11>  a   puap  at   OSU. 
The   retult»   «re   shown   l'»   Table   ^«-9. 

TABU   i-V 

Rcftulti   at   Brackettng   Procedure 

(jacK^rouna Used lor Calculations Sound Power 

Disconnecting Drive Shatt Sl.JdlW 

Covering Pu&p 79.Id&A 

Froo   the   previous   discussion,    it   nay   be   concluded   that   the   actual 
sound   pourr   (L   )   ol   OSU-üP-lJ   is   greater   than  or   equal   to   79.1d&A   and 
less   than   or   equal   to   61.2d&A. 

ISA ^ Lp <8^Z (--i) 

It Is reasonable to assuse th4t the "box" Is not a perle. ( acoustical 

Isolator.  Then (L ) wilt be greater than 79.ld&A.  It is also reason- 

able to assuse that the background nolac produced by the lluld lines 

and punp eount have an Increasing ellect on the sound level tseasureaent 

ol the puap.  Disconnecting the drive shaft and correcting the ; ■■' ; 

sound power does not account (or noise produced by sources other than 

the puap.  Then, the actual sound power ol the puap Is less than 61.2düA, 

and : 

1*3. \ < Lp4&i2 (/.-b) 

The use ol both correction methods in a certified test laclllty 

provldes known litaitn lor the sound power level ol a coeaponent . 
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CllAFTtR V 

PfBLISUKD »»ISt:   LEWIS OF  n.Ul D hJVKR Pl'XPS 

One   tt4i>niT   I»  hchlch   ihr   noio«-   level«   t>|   cocartcrc t at 1 >'   available 
hyitraullt    puaps   tan   l>r   lurvcyed    la    lo   review   nol»e    levels   rept>rted   !> v 
ciiäponent   csanut ac t urr re        Vilues   pj   ihe   airborne   puap  noise   are   ( re- 
(joenlly   publlnlied   in   oagailne*   and   ad ve r t l BecwiU    literature.       Projetl 
personnel   wete   unable   t ■>   1 Ind   any   advertised   values   ot    sI ruetureborne 
ol    Jluldborne   noise    lor   hydraulic    puaps .       I^bllsh.ed   sound    levels    lor 
lluid   power   pt-aps   arc   presented   iii   this   report   to   provide   a   reJerence 
to   which   the    results   ot    t lie   e Kpe r Inent a I   ru-.1 ■.„:<■■.■■ r •.   ran   be   rucsparcd. 

The   sound    levels    livcluded   In   this   ihaptel   are    1 r<'C5   two   sources 
Several   o|    the   sound   levels   were   reported   i'\   national   publications 
Snae   ol    the   sound    levels   Were   reported   to   tie   fluid   Power   Research   Cen- 
ter   by   participants    In   a   »easuresjent    survey.       In   general,    these    levels 
were   obtained   by   various   procedures    In   dlllerent    envlronaents It    Is 
asscased.   where   11   was   not   •.,..:..',   thai   the   reported   sound   pressure 
level    Is    the    level   which   would   occur   at    three    leet    Iro«   the    source 
li   a   Iree-Jleld   above   a   reflecting   plan   (heal sphe r 1 c a 1 I >-   divergent 
environawnt). 

Table    '>■[    it   a   Bu=lRary   ol    the   survey   results.      To  tslnlnlse    the 
nuaber   ol    variables,    sound    levels   were   Selected    lor   the   sa&e   operating 
speed,    1800   rp«,   and   the   •«»«•   pressure,    10}.!)   bar The   resultant    Sound 
levels   can   be   plotted   as   a   luncllon   ol   horsepower,   knowing   that    the 
pressure   and   speed   are   approx laa t e 1 y   the   sasie 

Figs      J-l   and   'J-2   graphically    lisplay   the   results   ol   the   survey. 
Tt>e   nuaber   ol   occurrences   ol   a   given    level    is   plotted   versus   the    level 
In   Fig      (i-l).      It   can   be   seen   that   the  aajorltv   ol   the   reported   'evels 
are   betvern   7VdRA   and   8>dflA.     The   levels   vary   Iroo  OldhA   to  8idKA.   a 
range   ol   22daA. 

The   sound   pressure   level«   versus   puap  horsepower   are   plotted   In 
Fig.    '->-?.      Although   puap   types   are   known.    It   was   not   possible   to   ob- 
serve   any   dellnlte   trends   as   a   function   ol   basic   puap  design.    I.e., 
gear,   vane,   or   piston.      It    Is   known   that   puaps   C  and   M were   tested   In 
the   sose   laboratory,   ualog   the   sartse   test   Bethod.      It    Is   reasonable   to 
aseuae   thrt    the  aajorlly   o|   the   retaalnlng   puaps   (A-F)   wete   tested   In 
the   U.    S.    using   esnei.llallv   the   saae   procedure   but    dlllerent   envlron- 
jie n t s . 

A »ore   ctwsplele   di.-cusslon  ol   this   Infomatton   can   be   lound   In   Re I .   'S" 
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TABLE   5-1 

REPORTED MAXIMUM SOUKD LEVELS  FOR VARIOUS  PUMPS 

PUMP 

A 

c 

D 

i. 

(; 

H 

SPEED 
(RPM) 

PRESSURE FLOW 
(LIT/M1H) 

SOUKD LEVEL 
(dBA) 

1800 103.5 87.2 7" 

1800 103.5 183.7 s: 

1800 103.5 238.5 83 

1760 103.5 189.5 82 

1790 103.5 56.8 79 

1790 103.5 13.5 7^. 

1800 103.5 24.2 t,'. 

1800 103.5 24.2 01 
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Fig. 5-1  Frequency Ploi for Puapa In Table I. 
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Dw   results of the survey  of published sound level data can be 
compared with the experimental measurements of sound levels presented 
In the following chapter. 

A2 
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CHAPTER VI 

EXPERIMENTAL SURVEY OF NOISE LEVELS 

FOR FLUID POWER PUMPS 

The objective of Lhis phase of the project is to establish the air- 
borne sound power levels of several fluid power pumps.  The results of 
an accurate experimental survey nf the sound power levels of commercial 
hydraulic pumps will aid in establishing the realistic limits for speci- 
fications.  Tiie prediction of fluid power system noise will be enchanced 
if the variations in pump sound level as a function of pressure and speed 
are available. 

The experimental survey required first establishing a repeatable 
measurement procedure.  A procedure was developed as reported in Chapters 
II and III.  Project personnel are confident that repeatable results are 
being obtained.  The measurement results presented in this chapter repre- 
sent only a portion of the measurements that will be made.  Remaining 
measurements will be conducted according to the same procedure used to 
obtain the results presented in this chapter.  Complete results of the 
survey will be presented in a subsequent report. 

Table b-1 lists the total sound power level for each of the units 
tested.  Three test conditions were established.  One test condition was 
2000 rpm, 2000 psi (138.0 bar).  A second test condition was speed 2000 
rpm, operating pressure reduced to 200 psi (13.8 bar).  For the third 
test condition the speed was reduced to 600 rpm and the pressure de- 
creased to 60 psi (4.1 bar).  The first condition was selected to sim- 
ulate full speed operation under full load, the second condition was 
intended to simulate full speed operation with reduced system pressure, 
and the third condition was requested by some manufacturers to simulate 
idle operation.  The inlet pressure was maintained at 0 psi for three 
of the four units.  One fixed displacement unit has excessive outlet 
pressure fluctuation with zero inlet pressure.  For this unit the inlet 
pressure was set a 2 psi.  The test temperature was 65.5 degrees C. for 
the "full load" test.  For the reduced horsepower tests the temperature 
was maintained at 38 degrees C. 

In Fig. 6-1 the results of the mecsurement survey are compared with 
the reported levels presented in Chapter V.  The test pumps include a 
piston unit, two external gear pumps, and a vane pump.  With the excep- 
tion of the piston unit the controlled measurements appear to be about 
6dBA lower than the published sound power levels.  In view of the fact 
that the controlled measurements were taken at 2000 rpm (instead of 1800 
rpm) and 2000 psi (instead of 1500 psi), the generally lower sound lev- 
els at the same horsepower are somewhat surprising, assuming the pub- 
lished values are accurate. 

A3 
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TABLE 6-1 

EXPERIMENTAL TEST RESULTS TOTAL SOUND  POWER 

PUMP 
(OSU-NP) 

SPEED 
(RPM) 

PRESSURE 
(BAR) 

FLOW 
(LIT/MIN) 

SOUND 
POWER 
(dBA) 

PUMP 
POWER 
(HP) 

10V 2000 138.0 87.1 80.4 26.9 

UGE 2000 138.0 98.0 81.2 30.2 

12 GE 2000 138.0 97.6 81.2 30.1 

13P 2000 138.0 93.9 87.6 29.0 

1ÜV 2000 13.8 101.4 76.2 3.1 

11GE 2000 13.8 113.6 75.2 3.5 

12GE 2000 13.8 107.9 72.2 3.3 

13P 2000 13,8 90.1 79.0 2.8 

10V 600 4.1 2:30.4 54.3 .28 

UGE 600 4.1 S34.1 62.3 .31 

12GE 600 4.1 «32.4 57.4 .30 

13P 600 4.1 ^27.0 62.9 .25 
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More data acquired under controlled conditions will be needed to 
make any definite conclusions but so far indications are that the pub- 
lished sound levels are too high.  If this is true, it is consistent 
with the philosophy of some pump manufacturers.  Certain component 
manufacturers have indicated that it is acceptable to report a sound 
level higher than the actual level of the component. This approach is 
reflected in the test code discussed in Chapter I. 

The measurements shown on the graphs in Fig. 6-1 are total sound 
power level.  To convert these total sound levels to an equivalent pres- 
sure level three feet from the source in a free field above a reflect- 
ing plane, 7dBA should be subtracted from the values shown.  The lat- 
ter reference to sound pressure level is frequently used for reporting 
airborne noise. 

General trends for the change of the sound power of a pump can be 
seen on Fig. 6-2.  The graph of Fig. 6-2 shows the relative change of 
sound power of a component for varying speed and pressure.  The data 
from Table 6-1 is plotted in Fig. 6-2 to produce a rough indication of 
the slopes (or sensitivities) of sound power output versus speed and 
pressure changes. 

The importance of fluidborne noise was discussed in Chapter IV 
and other chapters.  The results of fluidborne noise measurements 
made during the survey are presentee' in the following chapter. 
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CHAPTER VII 

EVALUATION OF FLU1DB0RNE NOISE 

Pressure pulsations within o fluid power system provide the poten- 
tial lor increased system sound levels.  At the present time, no stan- 
dard procedure exists for the measurement of fluidborne noise.  The 
measurement procedure presented in Appendix H is a first draft uf a 
fluidborne noise test method.  It can be used as a guide for the mea- 
surement of fluidborne noise.  It will not guarantee repeatible results 
if any parameter other than the component being tested is changed. 

- FLUIDBORNE NOISE MEASUREMENTS - 

A series of fluidborne noise measurements has been initiated at OSU, 
A modification of the test procedure presented in Appendix H has been 
implimented for this series of tests.  Procedural errors are minimized 
by maintaining both the measurement and fluid power systems in the same 
configuration for each test.  The component under test is the only para- 
meter that is changed.  The results for two pumps, OSU-NP-10 and OSU- 
NP-n, are shown in Fig. 7-1.  For purposes of identification, OSU-NP- 
10 is a vane pump, and OSU-NP-13 is a piston pump.  The piston pump has 
significantly higher fluidborne noise levels.  The data indicates that 
In the same system the vane pump would produce lower fluidborne noise 
levels than the piston pump. 

The same recording instrumentation was used for both airborne and 
fluidborne noise measurements.  The pressure transducer for fluidborne 
noise measurements is a Plezotronlcs crystal pressure transducer and 
power supply.  The piezo transducer affords the possibility of high fre- 
quency pressure pulsation measurement In fluid power systems.  The trans- 
ducer may be inserted directly into the fluid system, therby reducing 
considerations of dynamic coupling of the transducer to the system.  As 
Indicated previously, the pressure data is analyzed using a 1/3 octave 
band analyzer. 

DATA REDUCTION 

The 1/3 octave analysis Is reduced with the aid of the computer and 
the program presented In Appendix E.  A sample output from the computer 
is shown in Table 7-1.  An explanation of the output terms Is provided 
In Table 7-2. 

Reported pressure levels are referenced to 20/iN/m This procedure 
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TABLE   7-2 

LISTING Or   TERMS  t'SED   IN   FLUIDBORNE  DATA  OUTPUT 

Column  Heading 

FREQ 

PRESS 

BKC 

CORR 

"A" 

POWER 

REL-20 

Pnrametcr 

l/J   ociavc   center   frequency 

dB   levels   In   1/3  octaves   for   pressure 
analys i s 

1/3   octave   analysis   ol   system  back- 
ground   noise 

corrected   pressure   (I.e.   PRESS   -   BKG) 

dllA  weiglited   pressure   In   1/3   octave 
bands 

power   associated  with  dBA weighted 
pressure 

dBA  weighted   pressure   relative   to IBA  we lg 
!0uN/m? 
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is a deviation 1 row normal 

Flu  '-2 üeplctB Braphlcoll 

I luldbonic and airborne tu l 

iiuy all-jwB Ihc coeaparlson 
tlonal units.  The conversl 

a   function ot ehe prenaure 

prpiented In thli report, t 

used to obtain "peak to pea 

lor any 1/3 octave band or 

ol the pressure versus dB g 

Me; c, Fig  7-J Is not appl 

high I requeuey fluid pulsation analysis, 

y why the :..,:-, reference l» used for both 

ae measurements.  The use of a common refer- 

of lluldborne and airborne noise with co^ven- 

on from the measurement units to 20ßU/m     Is 
transducer and analyzer used.  For the data 

he conversion Is 12^.0daA.  FlK. 7-3 may be 

k" pressure ripple (I.e. fluldborne noise) 

the total spectrum.  The scallnK «f the axes 

raph Is a function of the measurement system. 

Icable for all lluldborne noise measurements. 
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Fig.   7-2.      Relnlionshlp   Between  Airborne   And 
Fluldborne  Noise  Measuremrnts   Referenced 
To  Siime   Lcve 1 H . 
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GENERAL DISCUSSION 

Two project objectives arc discussed In this report.  The first ob- 
jective was the development of noise measurement lest methods.  The second 
objective Is the acoustical measurement of selected fluid power components, 

This report concludes the noise test method development effort cov- 
ered by this contractural agreement.  The objective of measuring compo- 
nent noise is scheduled to continue through Hay 1973.  Both of these ob- 
jectives will assist in establishing realistic noise specifications for 
fluid power components. 

The following paragraphs of this chapter discuss various aspects of 
the two project objectives.  A complete listing of conclusions and recom- 
mendations Is Included In chapters reserved for those subjects. 

TEST METHOD DEVELOPMENT - 

The objective of developing noise measurement test methods was 
originally scheduled as a alnor effort for this contract year.  Two 
circumstances ncccsslcaced that it become a major effort.  First, the 
industry formed a  Tri-Level Conference (NFPA, ANSI, USTAG) to make 
specific recommendations to ISO regarding the measurement of airb rne 
noise from pumps.  Second, the measurement of airborne noise emitted 
by selected components could only be meaningful if the measurements 
were based on the best test method available. 

Project persornel contributed fully and openly to the efforts of the 
Trl-Levcl Conference.  Three of the four rough drafts considered by the 
Conference and the final drafts were written by project personnel.  Tb 
approved test methods that resulted from the Conference are the basis 
for all noise measurements being made In the FPRC Acoustics Laboratory. 

The consensus of the Tri-Lcvel Conference participants WAS that the 
Airborne Test Method represented the best guidance available.  The Con- 
ference participants who had helped In the development of the earlier 
NFPA test methods for pumps and motors agreed that significant improve- 
ments were incorporated into the Conference recommendations. 

A test method for measuring fluldbornc noise was Introduced at the 
Conference by Project personnel.  The urgency of completing the airborne 
test method precluded extensive development of the fluldhorne test method. 
There was general agreement among participants that a test method for mea- 
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suring fluidborne noise was needed. Although specific guidance for the 
fluidborne test method was sought, only general comments about the need 
for such a document and the difficulties involved were discussed. 

The evaluation of the airborne test procedure shows that the impor- 
tant test system parameters are considered in the Recommended Airborne 
Test Method.  It also shows that the guidance regarding those system 
parame'tcrs are Inadequate to insure reasonable repeatability.  Over 5dBA 
sound power reduction was obtained by treating only the mount and drive 
support for one test.  In another set of tests on one unit, over UdEA  re- 
duction in total sound power was obtained by treating only Che fluid lines 

There was not time available to completely evaluate the fluidborne 
test method.  The present method being used to evaluate fluidborne noise 
parallels the recommended test method.  Presently all of the system para- 
meters are held constant between tests, the only major variable being 
the pump under test.  The results of four measurements of the fluid- 
borne noise associated with one pump yielded a sample standard devia- 
tion of less than KdliA. 

There are no known industrially approved test procedures for the 
measurement of structureborne noise.  Structureborne noise measurements 
were obtained, in certain instances, to assist in isolating airborne 
noise sources in the test environment.  These measureir.jnts of structure- 
borne noise were not taken according to any particular procedure or t'ist 
method.  Structureborne noise represents another aspect of fluid power 
component noise that warrants investigation. 

- COMPONENT NOISE MEASUREMENT 

Accurate measurement of the airborne noise emitted by fluid power 
components is dependent on the complete isolation of all noise sources 
in the test environment except the test unit.  Since the perfect isola- 
tion of the test system associated with a component is not practical, 
the resultant airborne noise measurement for a component represents an 
upper limit of the actual sound power level of the unit   Before pro- 
ceeding with airborne measurements of fluid power pumps, each possible 
source of error was considered and minimized. 

Once a treatment method was obtained for a given source of air- 
borne noise, the same treatment was used during each subsequent measure- 
ment.  The only major variable between airborne noise measurements was 
the test unit. 

The remainder of the fluidborne noise measurements, which are to 
be taken for this project, will be made keeping as many system parameters 
constant as possible.  If fluidborne test methods are investigated, and 
it becomes apparent that the measurement process can be improved, then 
the new method will be utilized. 
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Structureborae measurements will   I : made on selected  components. 
The  procedure  for these measurements will be  recorded.     But,   it is not 
anticipated at  this  time  that  a parametric study will  be  conducted in 
conjunction with these measurements. 

The  test methods used  for  the  component noise measurements will be 
recorded in the  final  report  on this  contractual agreement. 

The  two operational difficulties associated with  the measurement 
objective of  this project  have been:     1)   the  lack of verified   '-tn.t meth- 
ods,   and  2)   the one pump specifically selected by Project Monitors  for 
noise measurements has  an  output  flow rate which required major changes 
in the  facility support system.     Neither of  these difficulties has  cre- 
ated  any major problems.     Project  personnel  are  confident  that  the objec- 
tives  of  this phase of   the project  can be met by  the end of May  1973, 
which is the scheduled completion date. 
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CHAPTER IX 

CONCLUSIONS 

The conclusions outlined in this chapter are a summary of the major 
conclusions resulting from this project to date. Thus, the conclusions 
resulting from the noise measurement test method development effort and 
the actual noise measurement effort are included in this chapter.  The 
conclusions are divided into the three categories of fluid power component 
noise:  airborne, fluidborne, and structureborne. 

- AIRBORNE NOISE 

The procedure developed by the Tri-Level Conference on Noise in Fluid 
Power Systems can be considered to represent the most recent industrially 
endorsed measurement test method for airborne noise emitted by fluid power 
pumps.  It is reasonable to expect that, since it is based on acoustically 
valid test method, the measurement accuracy will be reasonable. This 
means that the measurements will be an accurate indication of the sound 
power in the environment, which may include more than just the test unit. 
In order to achieve repeatability between measurement facilities, it will 
be necessary to more clearly define isolation procedures for support sy- 
stems. 

For any airborne noise measurement test method, it is important to 
insure:  1) that the measurement facility is verified, 2) that the compo- 
nent being tested is the major source of the noise being measured, and 3) 
that background levels be taken in such a way that those noises not asso- 
ciated with the test unit can be subtracted from the sound measurements for 
the test unit. 

The technique of measuring a background by rotating the drive shaft 
while it is not under load is not realistic, since there is no fluid flow 
and the system is not loaded in the same manner as it is under actual test 
conditioi s. The technique of obtaining a background measurement by cover- 
ing the test unit with an acoustical isolator is very attractive.  The use 
of the isolator combined with the information obtained by disconnecting 
the drive allows a prediction of the upper and lower limits of the. :,ound 
power of a component. The acoustical treatment of fluid lines, pump mounts, 
drive shafts, and other system support elements should be specified in de- 
tail in the test method. 

Specifying that the background level in dBA must be at least 6dBA 
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less than the reported component level in dBA can lead to the erroneous 
assumption that if the difference is greater than 6 dBA then the re- 
ported sound level is accurate. 

From the point of view of designing a quiet fluid power system it 
is desirable that the actual sound level of each component be known. 
There is a tendency for component manufacturers to only show that a 
given component is below a certain level.  Manufacturers should be en- 
couraged to report the sound level of a component as accurately as pos- 
sible since the system designer would then be able to make confident 
predictions of the system sound level rather than just being able to 
predict that the level of the system is less than or equal to a calcul- 
ated level. 

Very little information is available regarding the variation in 
sound measurements that can be expected between fluid power acoustics 
measurement facilities. 

The pump noise measurement survey being conducted at the FPRC 
Acoustics Laboratory will yield a comparative set of airborne noise 
measurements where the only major variable between tests is the unit 
being measured. 

FLUIDBORNE NOISE 

Fluidborne noise is a significant contributor to fluid power system 
noise. Not only the results of the airborne test method verification, 
but other referenced studies have shown that this is true. 

The industry i3 generally aware that an industrially accepted test 
method for fluidborne noise is needed. 

There has not been a major effort within the industry to develop a 
test method for measuring fluidborne noise. 

The most reasonable method for reporting fluidborne noise is to 
reference it to 20/LtN/m , since this reference is compatable for cal- 
culating system noise once a transmission loss for the fluid lines is 
determined. 

As with any test method, any recommended test method for measuring 
fluidborne noise should be supported by actual test results. 

- STRUCTUREBORNE NOISE 

This source of noise has received very little published attention 
by the fluid power industry. 

The measurement of structureborne noise can assist in isolating 
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undesired noise sources in acoustical test environments. 

There are no known structureborne test methods accepted by the 
fluid power industry. 
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CHAPTER X 

RECOMMENDATIONS 

Realistic sound level specifications for fluid power components 
will be based on performance characteristics of the various types of 
components.  For example, the maximum sound level of pumps may be some 
function of the pump displacement and operating pressure.  In the case 
of fluid lines a minimum reduction of pressure pulses through the con- 
duit walls to the air (a minimum transmission loss) may be the best 
parameter to specify.  Perhaps a maximum level of fluidborne noise can 
be specified for pumps operating in a verified test system.  The fol- 
lowing recommendations are based on the results presented in this re- 
port coupled witli other experiences of project personnel.  The recom- 
mendations are directed toward reaching two objectives:  1) realistic 
performance noise parameters and parameter limits for component speci- 
fications, and 2) fundamental knowledge that can be used to assist in 
designing quiet fluid power systems. 

1. An airborne te : method should be written and submitted 
to the industry the     specifies the isolation techniques to 
be used for reducing the background noise associated with 
component noise tests. 

2. The results of the controlled airborne noise tests on 
pumps at the FPRC should be carefully analyzed and coupled 
to basic theory in order to isolate the critical noise para- 
meters for pumps. 

3. A survey of noise test facilities should be conducted 
to establish the variation within and between laboratories 
that can be expected in noise measurements within th;.' fluid 
power industry. 

4. Once the variation between laboratories for a reference 
source is established, a fluid power pump should be used in 
a survey between laboratories in order to establish the vari- 
ation that can be expected for actual pump measurements. 

5. A practical theory tor fluidborne noise needs to be 
developed and verified.  The verification of the theory 
should lead to a practical test method which would yield 
accurate and repeatable results.  Once a fluidborne test 
method is developed, the method needs to be used in various 
labs with a reference source to verify the validity of the 
method. 

6. Basic studies need to be initiated to determine the re- 
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lative   importance  of   structureborne  noise   in   fluid   power 
systems.     Any   resultant   concepts   should  be  verified  experimen- 
tally.     The verification  should  be directed   toward   the  develop- 
ment  of a  realistic   test method  for structureborne  noist 
fluid  power systems. 

!e in 

7. A systematic method for predicting fluid power system 
noise needs to be developed.  The development of an accurate 
noise prediction technique would be partially dependent on 
the successful completion of the studies of airborne, struc- 
tureborne and fluidborne noise. 

8. Inherent in predicting fluid power system noise is the 
requirement of properly describing the important acoustical 
characteristics of fluid power conduits.  The acoustical 
characteristics of fluid conduits should be mathematically 
modeled and experimentally measured. 

It is recommended that the modeling and measurement of fluidborne 
noise be the next major objective for fluid power noise studies.  Fluid- 
borne noise is probably the major contributor to fluid power system 
sound levels.  Until the time that fluidborne noise is adequately under- 
stood, can be measured practically, and can be confidently predicted 
and controlled, fluid power systems will plague designers of quiet 
systems. 

Ü 
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APPENDIX B 

AIRBORNE NOISE COMPUTER PROGRAM 

This appendix consists of a listing of the airborne noise computer 
program discussed in Chapter III.  A da-a listing is provided as well as 
the control statements and calling program used for loading and executing 
a Fortran program on the IBM 360 system. 

/ 
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001001400 
oononiiin 
r,onooi42n 
nnnnoujn 
nnnnnutio 
nnnooiisn 
nnnnoiiFo 
nonnouyo 
connouRn 
nonnnuqn 
nnnnnson 
onnnnsio 
00000520 
nnnnnssn 
connosuo 
coonossü 
00000560 
00000570 
00000580 
cnnnosno 
oonnnrno 
onnoono 
nonnnP2n 
onnnnr3o 
nonnoF.iio 
nonnofiso 
nonooc-GO 

nPHTF PRIHT njn 
rxrr Fnnrrrn 

FnUT.SYSIw   HP   • 
riMFurioM A(7i,ini/iMn(7i/in),ir,P(:i/ini#r(?n,p(rn,Tnf7])/ 

1vn(2n/Pn(7n#|f<(71),PPP(71)/PP(21)/IP(?n,r"f71),rA(2n/r
,n(7l)# 

2nP(7])/n7(71),FP(71),FPC7n,FP{71)/ni(7n/ni(71),PlP(7n/rlP(71) 
5,r.P(?:)#Rn(7i),Hn(?n/HP(71)/P/P(?n,Tl(?i)#TiP(7i),pp(»l3,n^(7] 
l(),PO(7M/PP(:i)/P^P(2n/npf7n,nn(7n/AP(7i)/ror7i)/npf?i)<

rP(21 
5),Sn(7t^P/in(7n/

r'>i(7M/
<;r>P(71),XPf 71 j^x^C Pll^P'PC?!), 

FR7P(211,P?nP{jn,KP(?ll,l'non 
POUBI F ppFn^iP'1 A,! i'R,! pp.r.p.T^jVP.pp,! ".r^r.np.ir.rn.r^, 

1PP,   PP, P7, FP, F P, FP, PI, R1, P) P.PIP, rP^^.M^/lP, PAP, T] , TIP, PO,"", 
7Pn,PP,Pap,pp,po,AP,pp,pp,^p,rp,rAP,r./*",rnp,xp,xp,p:p,r.PT,pp, 
3Ti',ppT,n?P,P2PP,rp, m 

TMF   FOI I.PV.'IMn   71   ►'l'"RFfJS   /\nF 
FPFnilFWriFS  THAT   APF   ll'IFP   I'• 

THF   1/3   PPTAVF   CFf'TF" 
TMI;;   pnrrnA" 

A(),l) 
A(2,l) 
A(3,l) 
A(l4,l) 
af5,i) 
A(F,1) 
A(7/l) 
Afr,i) 
A(p,n 
A(10,l 
Afll,) 

afi3,l 
Adb,! 

AflP,! 
afl7,i 
A(1R,] 
A(1P,:I 

A(70,1 

-inn 
■175 
• iRn 
■ 7nn 
"7sn 
■315 
«i4nn 
■ snn 
■ fi3n 
)«Rnn 
)-innn 
^-1250 
)-iFno 
)»7nnn 
^■75 00 
w^i5n 
i=i,rinn 
i-snnn 
)«P3nn 
)=Rnno 
)=inooo 

THF   MFXT   71   MllMRFPS   AHF   THF   SPI'flP   PP17FP   CAI. TPPATITM 
tfALUFS   SIIPPLIFP   PV   PIVFPPAMI'   ACnt.'STirs   LAR. 

Afl,!!) 
^(7,10 
Af3,l») 
Ad.,!!) 
A(5,li) 
A(F,U) 
A(7/l4) 
AfF,!.) 
Aftl,U) 
4(10,It 
AM 1,1« 
Ad?, it 
AdJ,!) 

A(15,!| 
A(1F,!4 
A(17,!i 
AO.P,!) 

-72.0 
-75.5 
= 75.5 
»75.5 
= 75.5 
= 7F. P 
«75.n 
= 7fi.O 
•75.5 
)-7R.O 
)-75.5 
)=75.5 
J-7F.0 
)»75.5 
>=7F.O 
)=75.5 
)=75.n 
1=75.0 

i 
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mtf^mmKm/mm^^^Km^mmm^mimimmm^mm^mK iimmmämm 

rnnnnr./n 
rrnnnf.Rn 
ronpfirnn 
f,nnnn7nn 
rnnnnyin 
nnnon7?o 
onnnn75n 
rfinnn7i4n 
conoo75n 
nonno7fio 
cnnnn77o 
nnnor,78o 
rnnnn7io 
nnnooRnn 

rnnnoRjo 
nonnoRJo 
ronnnRijfi 
ronnnRso 
rnnnfiRfin 
ronnnR70 
ronnnRso 
nonnoRqr 
ronnnqoo 
rnnnomo 
nonnnq^n 
cnnnnqsn 
^onnnq^n 
rnnnmso 
cnnnnqr.n 
oonnnq70 
rnnnnqRo 
nnnooqqn 
^moinon 
oonnioin 
onnoin20 
"nnoinso 
nnnnuito 
nnnoinso 
ncnn:nf,o 
cnnnic7n 
cnnnmRo 
rnnninqn 
lonimno 
cnnomo 
nnnoii?n 

oonniun 
onnnuso 
ronotifio 
nnnnmn 
o o n n 11 s o 
cnnonnn 
nnnnuno 
cnnnmo 
rnnonzo 
cnnnizsn 
rnnni2i40 
cnntmso 
f:nnni ?En 
nnnni27n 
nnnni?Rn 
nnnn.uon 
cnno.isnc 
nnnnmn 
ronni32n 

H, 
71 . 
71 ' 

rn i.-Ti. i 
rf?)«-ir.i 

ruw-m. r 
rm"-p.r 
r(Fi=.-f .<; 
r(7) = -i4.R 
r f p) = -■'.. ^ 
r(q).-1.0 
rnni.-n.r 
rf n )«n.fi 
r n ? i = f'.r. 
r(]3v«i .n 
r'iM-i.? 
rdsi«!.? 
rf irwi.7 
r(i7i=i .n 
r f i P ) • n. ■; 
r(!n)»-n.7 
r(7n) = -i .i 
rr 71 ^-7.it 

RFAH   IM   ft»)   AMO   (l1)   |iHFnF   ff)    IS   THF   NlifRE"   nr 
^•FA?;l'^''r^lTr^   np  THF   nrKfoi'M   r.ni'nrF   TO   nF   ."VF^ATFr  Af'f" 
(M)    IS   THF   NUf'PFT   OF   "FArORMFNTS   HF   THF   rjFFFTMPF 
GOlinCF  TO   RF   AVFPAr.FO 

BFAn(5#inut,M 

OFAH  THF  VALI'FS   FOn   THF   Tll'io   poi'F"   r.VSTF''   r/,n/,''FTFrr 

NI=O<;II PUMP NIIMRFP,  MpnervsTFf pfiFssimf,  n = inFT 
PTFSSIIPF,   M?=   SY^TF''   HP",   ronFlOW   PATF,   TF"=   rvSTF" 
TF^PFPATI^F 

OFAPCÜ^Df'P^IPP/il/'c^Fo.TF'' 
75   FORMAT (It I 5, ? FS. 1) 
2F   Fnor.^T(7FX,70MSYSTF''   PAPAMFTFns   Fnn  nrn-'ip-, | ? 1 

TFAO  THF   VAI.I'FS   FO"   T'lF   IIMKWOWH   SOUPOF   (U.T) 

»n FOP'v.T(7Fin.5) 
iFCN.FO.noo to  ?i 

CO'.'PIITF   THF   AVF^ATF   OF   (r)   t'FAPUVF.NTS   OF    (l.l'R) 

ro un  1=1,21 
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__;.-^-™^—-  - w.aUjJI^MipWi.Mip ^prap tjPWBPiiy'Tnw «iMPiswwpiispii 

nnnonjo 
cnnnnun 
rnnnnsn 

rnnni ^n 
ronnjitno 
connuio 
nnRfi 11*20 
nonnujc 
rnnniiifco 
rnnnusn 
.innour.n 
rnnnu7n 
rnnnusn 
nnnoHin 
cnnoisno 
rnnrnsin 
nnnni520 
fnomssn 
CflflOlSliO 
cnnnissn 
rnnmsrn 

cnnmsso 
fnnnisnn 
nnnoiFno 
ponnifiio 
cnnniFzn 
cnnoiF30 
nonnuijO 
cnnnusn 
rnnoificn 
cnnniF7o 
nnnoiFfio 
concinn 
rnnni7no 
oonnmn 
conni7?o 
rnoni75n 
TtmnniiO 
conni75n 
nnnnnpn 
nnnoj77n 
oonniyso 
nnnnmc 
nnomFnn 
r;onomn 
onnn.U20 
nonnissn 
"finoisitn 
cnnniRsn 
rnnoiRfio 
nnnoi?,70 
-rrm r?.n 
nnnmRno 
cnnnmco 
rnnniqin 
cnnniq2n 
cnnniqso 
nnomqijo 
conrunso 
rnnoiqro 
nnnnmyo 
nnnrnqro 

no   M)   ,I«1,N 
/\U.AV*I i,n( i,.i) 

Ut)   rnfTlfl'F 
r.n T" ^ 

71 rn  ?7   \*\?-[ 
Mi,2)-ll'R( i,n 

72 rot'UMiF 

^FAP   THF   VAI.HFS   FFi"   TMF   OFFFTfTF   «Sni.prF   (lpP» 

.Ü   nFAn(5,7nU(l "RM ,,1), 1=1,71 1,,1=1/') 

'F/n   TMF   VAI I'FS   F"?   THF   OI'T«;|PF   SOd^'P   I FVFL    (Tl) 

r'FAP(S,?n)(Tl(l),l.i   71) 
iFC'.Fn.i inn TO ?r 

rOMPi;TF   THF   AVFfAnF   "F   (M)   f'FAri'r»'FrJTr   OF   (I HP) 

nn 7n  \-i,21 

rn pn ,1=1./' 
A^ = AB*l r.Rd ,.1) 

FD rr>f'Tlf'i)F 
Af i ,^)'H'',/!• 

m rnf'TirnF 
nn TO 7'i 

23 nn 2ii  i=i.2l 
A(l,3)»l.nR(l,n 

2it rorTiniF 

HFAP   TMF  TnAS'SMIRSn»'   LOSS F"P THF noriM I;ALL (TO) 

7S PFAPCS^niCTOd), 1=1,21) 

PFAP   TMF   VAUF   RArKHPOUMP O'n) 

RFAn(5,2nHvn( 1), I =1,21) 

PFAFI THF Rim niMn RArKmnuMn (PO) 

RFAn(5,2n)(no(i),i =1,211 

PFAP  THF   PFFF^FMrF ponppF FOn rnr^rjprTIMC (vn )   AMP ^BO) 

PFAntP^nHi.nd),! = 1,21.) 

PFAP  TMF   PPIVF   RArKHnnilHP   IM   THF   POlr.«   (P7) 
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nnnnmn 
ronnpnoo 
nnno?nir 
nnnn7n?o 
nonnpnjn 

"0002050 
rooo?oro 
0OOO2O70 
00007080 
00002000 
rono2ino 
(■•0002110 
r0OO2120 
C0OO2130 
Q00021I40 
00002150 
000021FO 
COO02170 
r00021R0 
00002100 
^0002200 
rooo?2lo 
00002220 
00002230 
0000221)0 
00002250 
r.00022f.O 
OOOQ227C 
r00022£0 
rooo22no 
COO023O0 
C0002310 
00002320 
00002330 
0000231)0 
00002350 
000023fn 
C0O02370 
C00023R0 
00002300 
000021(00 
000021)10 
000021)20 
000021)30 
000071)1)0 
000021)50 
C0007i)B0 
000021)70 
coooauo 
000021)90 
00002500 
00007510 
00002520 
00002530 
0000251)0 
00002550 
00007500 
00002570 
C00025fi0 
00002500 
00002ROO 
00002f.l0 
00002620 
00007030 
00002fil)0 

fFAr(5/7ni(r7( n, 1 H , 7n 

PFAr«  TMF   nnivF   RAOKr^oi'Mn   offMnr   nr  THF   n^"»'   (m 

"FAPCS^OKnid ), i«!,?^ 

"FAP THF  onitnirr,  RArffn"rMr> ofTtinp nr THF  r>fNO•■  ("i) 

PFAn(5/20)(Rl(l), i'1 ,?■>) 

fFAF   THF   ^FFFOFKTF   rncnrF   FO"   C^nnFrTI"r:   (071 

>FAr(5,2nUP2P( H, 1=1,71) 

roi"PliTF  THF   Snilf*"   PfH-'F''   OF   THF   I'f'ifNO'.'H   ^niinOF   If   0'" 

ro so 
07np( 
pnp(i 
RP(I ) 
KPd) 
I.P{I) 
rPd ) 
iF(nr 
on( i) 
nn( 1) 
ppd) 
P7Pd 
mi) 
IF{.1? 
Y0( I) 
KOC) 
FO( I) 
FPd) 
FPd) 
IF(P.7 
m.Pd 
ni.pd 
r.Pd) 
IFCRl 
md) 
nod) 
HPd) 
PAPd 
IFCHP 
TIPCI 
open 
IF(B1 
ond) 
Pnd) 
ppd) 
PAPd 
APCI 1 
npd ) 
IF(B7 
nn(i) 

n»io 
)onn( 
= 10,* 
»P7PP 
= 10.« 
»LPd 
(D.n 
«10.* 
■vnd 
= 10.* 
)=PP( 
= l.pd 
pr n. 
= 10.* 
= '0.* 
■=n7M 
= 10.* 
= FPf I 
P(l). 
)=10. 
)-in. 
= nip( 
P(l). 
= 10.* 
»cn( 1 
= 10.* 
)=FP( 
(n. n 
)=io. 
= T1P( 
P(l). 
= 10,* 
»find 
= 10.* 
)»PP( 
= 10.* 
=APd 
P(n. 
= 1 0.* 

71 
.**((P7 
I W( I, 
*((nnpf 
d)-rp( 
• ((md 
)-ppd) 
T.LPd ) 
PLPOIlOf 
) +A (I , I) 
*((no(( 
I) 
)-r?P(i 
RT.I.Pfl 
PLoriof 
ninnior 
)+A(l,U 
*((FO(I 
)-n7P(1 
GT.FPd 
**((P1( 
**((BJ.( 
I)-R1P( 
nT.niP( 
PLPniof 
)-Tn(i) 
*((Hn(i 
1 )-HPd 
T.FPd ) 
**((T1( 
i)-rip( 
nT.TiP( 
pi.pnio( 
)-Tn(i) 
*((pn( l 
I )+PAP( 
•((Ad, 
)-P2P(1 
RT.APd 
PLnr,io( 

r(i)-7u. vin.) 
b)-l.n( 1) 
I )-7l).)/10.) 
I) 
)-7it.)/in.) 

)rp(i)=i.o/io1**3.5 
PPd ))*7l). 
l-ro(i) 
)-.'U. )/10,.) 

) 
))XP(I)=l.o/in.**3.5 
XPd n + 7u. 
lfP( I ))+7l), 
i-i-pd) 
)-7U. Vio.) 
) 
))FP(I)=1.0/10.**3.5 
l)-71).)/]0.) 
I)-71).)/10.) 
I) 
I ))npf 1 )=i .o/io..*3.r. 
OPd ))+7l), 

)-7i). i/in.) 
) 
)nAP(i>=l.n/io.**3.5 
l)-7l).)/10.) 
I) 
i ) )OPd )>-1.0/10,**3.5 
PPd ))+7). 

)-7l).)/10.) 
I)+R?P(I) 
3)-71).)/]0.) 
) 
))nP(l)=l.O/10.*»3.5 
OP(l ))t7l). 

i 
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Mw^wp;uwpi|p;w^M.w"^^w^jM^ 

rnnn2r50 
nonozrf.o 
rnno?F70 

0000260(1 
roiopynn 
00002710 
00002720 
C000275C 
C00027I40 
00002750 
00002760 
00002770 
00002780 
00002790 
00002800 
00002R10 
00002820 
00002850 
000028140 
00002850 
00002860 
00002870 
"0002880 
00002^10 
00002100 
';ono2Pio 
00002120 
00002930 
0000291)0 
rnoo2950 
00002960 
00002970 
C0002980 
00002990 
00003000 
00003010 
C0003020 
00003030 
0OO03OU0 
00003050 
00003060 
00003070 
00003080 
C0003090 
00003100 
00003110 
00003120 
00003130 
0000311(0 
00003150 
0000310,0 
00003170 
00003180 
00003190 
00003200 
00003210 
00003220 
00003230 
000032140 
00003250 
00003260 
C0003270 
00003280 
00003290 
C0003300 

rn( n=.A(i,2)*A(i,i.)-"0(i) 
9P(l)=io.««((qn(i).7i4, vin.) 
f.p( I >=r!Pn )-PAPf I ) 
IF(PAP(I).RT.^PCI))SP(I)»1.0/in.**3.S 
Af 1,5^A(l,it>-nn(| ) 
rn(n = io.«rir>rio(sP(i)W7i). 
A(I,R)-.SP(I) 
PAn( i)"in.*nLoni.o(BAP(i))*7i4. 
At i,7).pAn(i) 
P(i:-A{l/F)-7.0 
A(i,io)=A(i,fi)+r(i) 
AC|/9)-10..*((Ari/10)-7U.)/10.) 
A(i/R)-nn(i) 
A(l,ll)-A(l,.l) 
soA(i)=sn(i)+c(i) 
?np(i ) = in.*»((.snAM)-7it.)/io.) 

so rnnTiNiiF 
TP«n.n 
PPT-O.O 
PR-O.O 
nn 90 1=1.,21 
SPT-SPT+SPd) 
nR=nB+A(i ,1.0) 
TP.TP+SDPd) 

on  roMTfllF 
nPT-in.*PLnnio(SPT)+7i(. 
PRAi-io.*ni.nrio(TP)+7i.. 
nR7=nRAl-7.0 

i 

PHINT  THF  nilTPUT TABLE   F""  THF  IIMkNOWf  SOIiRrE   (I.HR) 

WP|TF( 6,1.50) 
i'niTF(6,.i..S0) 
HniTF(6,lR0) 
IT1|TF(6,1.70) 

l"'ITF(R,l.3n) 
WPITF(6/120) 
wr?|TF(R/l.O0)((A(l/J),,l = l,n),l=l,21) 
WITF^UO) 
WRITF(6,l.35)nRT 
IRITRCfi^.JS)!? 
WRITF(6,lltO)nRAl 
V,RITF(6,13F)nB7 
mTFCR^O) 
wniTF(fi,2R)MP 
l-,niTF(R,27)K,P9,M<:,TFM,FP^M 
WR I TF( 6,1.20) 
\'n\jrAö,X?.S) 

00   FOR»,AT(lX,r6.0,7F7.i,1X,Ff!,U,F7.1,3X,Ffi.O) 
20   FnRr'AT(lX,ROH  

25 FnRMAT(////) 

30 FnR^AT(2X,80HFRFn    I.UP    LPR     l.r    CHRR    LI!     BA     VA 
1     PWR     PRA     FRFP     ) 

33 FnRMAT(lX/57HTnTAL "A" WFIRHTFP POWFR  ■•-- 
1 ,F7.l.) 

31t   FnRM/iT(9X,R3H"ArTII/L   LFVFLS   ARF   LFSS   THAN   PR   FPIIAL   TP  TMPSF   PRFSFN 
1TFP   RFI.PW") 

35   FPPMAT(lX,3FHIINWFICHTFn   SPIIMP   PPV.'FR    , F6. 2, IX, 2HnR) 
3fi   FPRMAT(IX,RFHTHRFF   FFFT   F^OM THF   SPHRCF   IM   A  HFl'ISPHEPICALLY   PIVE" 

inFNT   FIFI.n***/FR.2,lX,7HPPA   *♦*) 
tiO   FPRMATdX^R'-CA"  WFIfiHTRP   SPIIf'n   Pni'F"     

1 , Ffi.Z^lX^HPRA) 

'I 
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00003310 
00003320 
CO0O3330 
0000331(0 
00003350 
00003360 
00003370 

150 FORMATf/) 
1.F0 FnPMAT(37)f,RHnSI)-FPnr) 
170   FORMAT(7RX,2qHArnilSTir?   lARORATORY   PATA   l^") 

7.7   FnRMAT(1.X,QHPnF.SSIinF«=/ llj/'.MPSI , ?X, RHSPFFP», I'i, 3H'7PM/?y , 1 7HTFMPEnAT 
HIRF-^lj.UHr^X.IOHFI.nw   ^ATF", Fit. 1, IMP, 2X, FHI H! ET = , l?,3HPSI ) 

STOP 
FNP 

C0003380 //nn.SYSiN nn * 

INPUT DATA   - 

000033PO            1 1 
00003U00          10 
00003U10   57.3 

200         0 
62.7 

2000   2R.P 
5fi.R 

38.0 
59,9 

000031120   R3.q 71.1 71.1( 61(.8 
00003it30  58.R 57. 56.1 57.3 
00003ltl»0   RP..7 71.7 72.8 75.9 
C0003U50  73.3 73.7 7k.?. 7k.? 
000031)60   75.2 71(.9 73.6 73.1 
000031(70   R1.7 61(,5 61 ,5 70. 9 
00003ltS0   77.n 711.2 81. ,8 80.3 
000031*90   Rq.S Rfi. 68.7 60. 8 
00003500   20. 71.5 71), 26! 

31(   5 00003510   31».5 3l(.5 3 li. 5 
00003520   311.5 31(.5 36. 

.J H . .' 

3n 
00003530   52.2 56.2 52. '(9. 
00O035ltO   57.fi Sfc.^ 5li. 51.'7 

k 5 . 
00003550   51.1 '(9. I16, 6 
00003560   1(7.2 39. 31. 3'1! 
0000357Ü   39. 31. 3". 39 
000035S0   39. 39. 39 39. 
00003590   72. 72. 7ll. 76!3 
00003600   7li. 7i(. 7l(.7 7k   3 
00003610   75.1 711.5 73.1 77   6 
00003620   60.R R9. 61.1 

1 f . * 

56. 7 
00003630   61.6 5". F7^ 5°. 
0000361i0   5ii.fi 5l(.6 I18.8 50. 7 
00003650   61,2 66.6 61(. 7 71.5 
00003660   113.6 76.3 78.2 78. 7 
00003670   77.3 6". 69, 6 7 5   1 
60003680   1(8.3 I1R.6 1(3.3 1)3.6 
60003600   39. 39. 39. 3n. 
60003700   3". 39. 39. 3°. 
09003710   70.9 71.1 73.5 75.6 
00003720   73.6 71(.2 7ii.fi 7k. 6 
00003730   75.3 75.2 7k. 73!8 

71«.2 
59. 
58.3 
75.7 
7U.7 
73.3 
86. 
78.8 
70.3 
28. 
3«».5 
k?.. 
50, 
50.3 
1(5.2 
3". 
31. 
39. 
77. 
75. 
72.8 
61.5 
57.6 
1(8.2 
75.8 
76.1 
75.2 
39. 
31. 
39. 
75.8 
75.7 
7(i.7 

66 O 

58 !? 
50 
75 !? 
75 # i 

77 .o 
78 ,? 
71 
69, 
29. c 

3li, r 

Idi, c 

53, n 

51, 
1(5, « 
jn. 
31. 

3',. 
77. 3 
75. 
77. i) 
60. 6 
63. 8 
•'5. 7 
70. 
73. 2 
72. 9 
31. 
T9. 
3". 
76. li 

75. 3 
73. 8 

61 .3 
56 .7 
56 .3 
71» .7 
7k, ,n 
67 ,3 
68. 
69, !8 
Bit, ,3 
37. ,5 
Ik, .5 
1(7, 
58, '.I 
'(8, 2 
hi. 7 
3°. 
39. 

31. 
75, 7 
7 It, 9 
66, 7 
58. 
Sk. 8 
1(3, 5 
71, 3 
73, 7 

65, 7 
39, 
39, 
39. 
7k. n 
75, 
68, 3 
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conoooio //K'nisF*«* JOB ( 
onnoonn //     CLASS-B 
oonnoo20 /*PoinrE PIüINT R.IO 
00000030 // FXFC FORTHCL 
0000001*0 //FORT..SYS IM HD • 
00000050      DIMENSION 

»D^'NOISF'.MSRLEVFL-Cn^), 

MAIN PROGRAM - 

000021(80 END 

C0002510       HAMF   r«PA(R) 
"0002520  // 

CALLING PROGRAM 

00000010 
00000020 
00000030 
onnoooi»o 
0(100 0050 
00000060 
00000070 
00000080 
00000090 
00000100 
ooooono 
00000120 
00000130 
OOOOOlliO 
00000150 
COOOOlfO 
00000170 
00000180 
oooooiqn 
0000020.0 
00000210 
00000220 
C0000230 
n00002l»0 
00000250 
noooo2fio 
C0000270 
00000280 
00000290 
00000300 
00000310 
00000320 
00000330 
oooon3i»o 
00000350 
C0000360 
00000370 
00000380 
00000390 
COOOOltOO 
00000l»10 
000001*20 

//rpAXXXXX  JOB   ( 
/*Pri.'TF   PRINT  RvIO 
//  FXFC  PRM-nPA 
//'.TFPLIB  PO  nSMAME 
//FT05F001   PP  • 

1 1 
10     200 0 

P2.7 

»IVFLLinTT'^SrLFVFL-tCO) 

■0«:|i.ACTl?BR7.FPPr,PISP-SHR 

57.3 
fi3.9 
58. F 
158,7 
73.3 
75.2 
151.7 
77.9 
F9.5 
20. 
31*.5 
31*.5 
5 2.2 
57.F 
51.9 
1*7.2 
39. 
39. 
72. 
71*. 
75.1 
60.8 
Pl.fi 
51*.8 
fil.2 
83.F 
72.3 
1*8.3 
39. 
39, 
70.9 
73.F 
75.3 

200 

71.1 
57. 
71.7 
73.7 
7U.9 
ßl».5 
7«».2 
RR. 
21.5 
31*.5 
31*. 5 
5R.2 
51*.5 
1*9. 
30. 
39. 
39. 
72. 
71*. 
74.5 
F9. 
59. 
SI*.F 
FF.fi 
7fi.3 
F9. 
1*8.6 
39. 
39. 
71.1 
71*.2 
75.2 

//FTOFFOOJ   PP   SYSni'T 
// 

0  2R.8  38 
5fi.8 
71.ä, 
5R.9 
72.8 
71*. 2 
73.R 
F1.5 
81.8 
68.7 
21*. 
31*.5 
3R. 
52. 
51*. 
1*6.fi 
39. 
39. 
39. 
71*. 
71*.2 
73.1 
61.1 
63.8 
1*8.8 
61».2 
78.2 
69.fi 
1(3.3 
39. 
39. 
73.5 
71*.F 
71*. 
-A 

.0 
59.9 
fil*.8 
57.3 
75.9 
71*.2 
73.1 
70.9 
80.3 
F9.8 
2fi. 
31..5 
39. 
'•9. 
51.2 
1*5. 
39. 
39. 
39. 
7fi.3 
71*. 3 
72.6 
56.7 
59. 
50.2 
71.5 
78.7 
75.1 
1*3.6 
39. 
39. 
75.6 
71..fi 
73.8 

71».2 
59. 
58.3 
75.7 
71*.7 
73.3 
8fi. 
78.8 
70.3 
28. 
31*.5 
1*2. 
50. 
50.3 
«t5.2 
39. 
39. 
39. 
77. 
75. 
72.8 
Fl.l 
57.P 
1*8.2 
75.8 
7fi.l 
75.2 
39. 
39. 
39. 
75.8 
75.2 
71*.2 

6R.8 
58.2 
59. 
75.7 
75.1 
72.9 
78.8 
71. 
69. 
29.5 
31*.5 
l»l*.5 
53.9 
51. 
1*5.8 
39. 
3«». 
39. 
77.3 
75. 
72.4 
60. F 
63.8 
1*5.7 
70. 
73.2 
72.9 
39. 
39. 
39. 
76.1» 
75.3 
73.8 

61.3 
5fi.7 
56.3 
71*.7 
71».9 
67.3 
68. 
69.8 
61».3 
32.5 
31».5 
l»7. 
58.3 
1*8.2 
1(1.7 
39. 
39. 
39. 
75.7 
7l(.9 
66.7 
58. 
51*.8 
1*3.5 
71.3 
73.3 
65.7 
39. 
39. 
39. 
71*.9 
75. 
68.3 

72 
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APPENDIX C 

INSTRUMENTATION 
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INSTRUMENTATION 

I.     GENERAL RADIO 

A. 1521-A    Strip  Chart Recorder 

B. 1523  Level Recorder 

C. 1523-P1  Preamplifier Plug In 

D. 1523-P3       1/3 Octave Band Analyzer 

E. 1523-9621       25dB Potentiometer 
1523-9622       50dB Potentiometer 
1523-962^       lOOdB Potentiometer 

F. 1560-9531       Microphone 

G. 1560-9580      Tripod 

H.     1560-9666  Microphone  Cable 

I.     1560-P13     Vibration Pickup System 

J.    1560-P42     Microphone Preamplifier 

K.     1562-A    Sound Level  Calibrator 

L.     1382     Random No^se Generator 

II.     HEWLETT PACKARD 

A.     3300-A    Function Generator 

III.     BRUEL + KJAER 

A. 2107   Frequency Analyzer 

IV.  BOGEN 

A.     CH13-35A    Amplifier 

V.    TEKTRONIX 

A.     502     .   ,  Dual-Be,im Oscilloscope 

VI.     PCB PIEZOTRONICS,  INC. 

A. 118A02     Quartz  Crystal Pressure 
Transducer 

B. 402A         Pressure Amplifier 
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C-  482"A    ICP Power Supply 

VII.  BELL + HOWELL 

A.       4-A02-0001  PrP^nrp   T^o^    rressure iransducer 

VIII.  DAYTRONIC 

A'  ^P6 91   Strain Gage Transducer 
Input Module 

B-  Model 300     Transducer Amplifier- 
Indicator 

C  Type P     Galvanometer Driver 

Output Module 
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APPENDIX D 

ELECTRONIC ACOUSTICAL TEST FACILITY REFERENCE SOURCE 

A schematic and listing of the components used in the construction 
of the electronic reference source discussed in Chapter IV are presented 
in this appendix.  The source's electronic stability is estimated to be 
approximately 1.127o.  Its primary function is the production of ultra- 
stable sound levels in three different modes of operation.  The various 
outputs are: 

1. Broad-Band Noise 
2. 500 Hz.   Pure Tone 
3. 500 Hz. Center Frequency Pure Tone Which Oscillates + 

10% in Frequency Over a 10 Second Period 

All three modes will be used during the proposed survey of the fluid power 
industry's acoustical test facilities. 
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LIST OF ELECTRONIC COMPONENTS 

Component Manufacturer 

Power  Supply ACDC Electronics,   Inc. 

Power Supply Elgenco 

White Noise Generator Elgenco 

Low Frequency Oscillator W.  H.  Ferwalt,   Inc. 

Voltage  Controlled ,,    „    r, i^     T 
„?,,,. W.  H.  Ferwalt,   Inc. Oscillator 

Operational Amplifiers Analog Devices 

Audio Amplifier Arvee Engineering 

Speaker Altec  Lansing 

Model Number 

0A15D1.1-1 

3609-A 

3606A55124 

SP01088 

VC068513 

144A 

202 

755-E 
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APPENDIX E 

COMPUTER PROGRAM FOR FLUIDBORNE NOISE REDUCTION 

This appendix provides a listing of the computer program discussed 
in Chapter VII.  The program inputs are (PUB), the fluidborne noise level, 
and (PRE), the background noise in the system.  Both (PUB) and (PRE) are 
pressure levels in the 1/3 octave bands between 100 Hz. and 10,000 Hz.  The 
program corrects (PUB) to account for the background noise (PRB).  The out- 
put includes the total pressure, dBA weighted pressure, and dBA weighted 
pressure relative to 20 micro-neutrons per meter squared. 
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00000010 
00000020 
00000030 
oooonouo 
00000050 
00000060 
00000070 
00000080 
00000090 
00000100 
00000110 
00000120 
00000130 
0000011(0 
00000150 
00000160 
00000170 
00000180 
00000190 
00000200 
00000210 
00000220 
00000230 
0000021*0 
00000250 
00000260 
00000270 
00000280 
00000290 
00000300 
000C0310 
00000320 
00000330 
0000031(0 
00000350 
00000360 
00000370 
00000380 
00000390 
000001(00 
000001(10 
000001(20 
000001(30 
000001(1(0 
000001(50 
000001(60 
000001(70 
000001(80 
000001(90 
00000500 
00000510 
00000520 
00000530 
0000051(0 
00000550 
00000560 
00000570 
00000580 
00000590 
00000600 
00000610 
00000620 
00000630 
0000061(0 
00000650 
00000660 

,1),lELLinTT,,MSGLFVKL=(0,0) //PSI»***.   JOB   ( 
/«ROUTE   PRINT   R.IO 
//   EXEC   FORTOCn 
//FORT.SYSIN nn * 

niMENSION  A(21/9),PIIB(21/10)/PRR(21/10)/C(21)/P(21)/ 
1AP2{21)/AP3{21)/CP(21),IIP(21) 

OntJRI.E   PRECISION  A,PUB/PRB/C,P,AP2,AP3/CP,nB,IIP/TP,PBl/nBA 

THE   FOLLOWING   21   NUMBERS  ARE   THE   1/3   OCTAVE   CENTER 
FREOUENCIES  THAT  ARE  DSEP   IN  THIS   PROGRAM 

Ad,! 
A(2<1 
A(3,l 
A(l(,l 
ACS,! 
A(6,l 
A(7,l 
A(8,l 
A(9,l 
A(]0, 
Adl, 
Ad2, 
A(13, 
Adl», 
Ad5, 
AdB, 
Ad7, 
Ad8, 
Ad«, 
A(20, 
A(21, 

)=ino 
)-125 
)=160 
)"200 
)«250 
)=315 
)-l(00 
)-500 
)-R30 
1)"R00 
1)-1000 
1)"1250 
1)=1R00 
1)>'2000 
1)"2500 
1)-3150 
l)"l(000 
1)"R000 
1)>»6300 
l)-8000 
1)=10000 

THE NEXT 21 NUMBERS ARE THE CORRECTION FACTORS 
USFP TO CONVERT TO PBA 

Cd)=-19.1. 
C(2)=-1R.1 
C(3)»-13.2 
C(l()=-10.R 
C(5)=-R.R 
C(6)=-6.5 
C(7) = -1(.R 
C(R)=-3.3 
C(9)=-1.9 
Cd0) = -0.R 
cdi)=n.o 
Cd2)«-0. 
Cd3)=l. 
Cdl() = l, 
Cd5)=l, 

" 1) = 1. 

,5 
,0 
.2 

ciuy«v,z 
Cd7)=1.0 
C(1R)=0.5 
C(iq)=-0.2 
C(20)=-l.l 
C(21)=-2.l( 

REAP   IN   THE   NUMBER  OF  MEASIIRMENTS  TO   BE   AVERAf5EP--(   N 
MEASURMENTS   FOR  THE   PRESSURE   SOURCE,   M   FOR   THE 
BACKRROIINP   NOISE,   FORMAT(?l5) 
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00000670 r 
00000680 r 
00000690 
00000700 
00000710 
00000720 
00000730 
0000071)0 
00000750 
00000760 
00000770 
00000780 
00000790 
00000800 C 
00000810 C 
00000820 C 
00000830 C 
ooooo8i»o r 
00000850 C 
00000860 
00000870 
00000880 r 
00000890 r 
00000900 r 
00000910 r 
00000920 C 
00000930 C 
0000091(0 
00000950 
00000960 
00000970 
00000980 
00000990 
00001000 
00001010 c 
00001020 
00001030 
000010UO 
00001050 
00001060 
00001070 
00001080 C 
00001090 
00001100 
oonoino 
00001120 
00001130 
OOOOIUO 
00001150 
000011RO 
00001170 
00001180 
00001190 
00001200 
00001210 
00001220 
00001230 
0000121)0 
00001250 
00001260 
00001270 
00001280 
00001290 
00001300 
00001310 
00001320 

RRAn(5,in)N/M 
10 FORMATS I 5) 

RFAtKS^DTX 
11 FnRMAT(F10.2) 

RFAP(5/12)Nn 
REAü(5,12)OP 
RRAn(5/12)IP 
RFAn(5/12)IS 
RFAn(5/ll.)FR 
RFAn(5,n)TF 

12 FORMATCIS) 

RFAD IN THE MFASIIRFP VALUES FDR THE PRESSURE SOURCE 
FnRMAT(7Fin.O) 

| 
REAn(5/20)((PUB(l/J),l=l/21)/,l = l/N) 

20 FnRMAT(7E10.0) 

FIND THE AVERAGE DF N MEASURMFNTS FOR EACH 1/3 OCTAVE 
BAND FOR THE PRESSURE SOURCE 

PO 1)0 1=1,21 
AV-0.0 
00 3 0 J»J.,N 
AV"AVOI)B( \,J) 

30 CONTINUE 
A(I/Z)=AV/N 

1)0 CONTINUE 

REAP IN THE MEASUREP VALUES FOR THE BACKGROUNP, 
FORMAT(7F10.0) 

REAP(5,20)((PRB(I/J),I=1,21)/.I=1/M) 

FIMP THE AVERAGE OF M MFASIIPMFNTS FOR FACH 1/3 OCTAVE 
BANP FOR THE BACKGROUNP 

PO 70 1=1,21 
AB=0,0 
PO 60 »1 = 1,M 
AR=AB+PRB(I,J) 

60 CONTINUE 
A( l,3)=AR/M 

70 CONTINUE 
no 80 1=1,21 

CORRECT THE PRESSURE SOURCE WITH THE BACKGROUNP 

AP2(I)=10.**((A(I,2)-71).)/10.) 
AP3(l)=10.**((A(l,3)-7l).)/1.0.) 
CP(I)=AP2(I)-AP3(I) 
IF(AP3(I).GE.AP2(I))CP(I)-1/10.»«3.5 

COMPUTE  THE   CORRFCTEP   PRESSURE   LfVELS 
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00001330 r 
0000131*0 C 
00001350 
00001360 C 
00001370 n 
00001380 C 
00001390 C 
OOOOUOO C 
oooomo 
000011(20 C 
0000U30 
000011*1)0 
000011(50 
000011(60 
000011(70 
OOOOUSO 
000011(90 
00001500 C 
00001510 C 
00001520 C 
00001530 C 
0000151(0 C 
00001550 
00001560 C 
0000157P C 
00001580 C 
00001590 C 
00001600 C 
00001610 C 
00001620 
0000163Ü 
0000161(0 
00001650 
00001660 
00001670 
00001680 
00001690 
00001700 
00001710 C. 
00001720 C 
00001730 r 
0000171(0 C. 
00001750 r 
00001760 
00001770 C 
00001780 r. 
00001790 C 
00001800 C 
00001810 
00001820 
00001830 
0000181(0 

r 

00001850 C. 
00001860 
00001870 
00001880 
00001890 
00001900 
00001910 
00001920 
00001930 
0000191(0 
00001950 
00001960 
00001970 
00001980 

A(i,i()-in.»nLnGio(cP(i))*7it. 

COMPUTF THF "A" WFICHTFn PRESSURE LEVELS 

A(l,5)-A(l/U)+C(l) 

COMPUTE THE POWER ASSOCIATEP WITH THE "A" WEIHMTEP 
PRESSURE LEVELS 

A(l,6)-10.»*((A(l/5)-71*.)/10.) 

COMPUTE THF POWER ASSOriATFO WITH THF UMWFIOHTEO 
PRESSURE LEVELS 

UP(l)-in.**((A(l,l()-7l(.)/in.) 

COMPUTE THF "A" WEIRHTEP PRESSURE LEVELS RELATIVE TO 
20 MN/M**2 

A(l,7)-A(l/5)+TX 
A(I,R)"A(I,1) 

80 CONTINUE 
TP=0,0 
nR=0.0 
DO 90 1=1,21 
DR=nB+A(l/6) 
TP=TP+CP(l) 

90 CONTINUE 

COMPUTE THE TOTAL UNWEIRHTFO PRESSURE LEVEL 

PBl»10.*nLOR10(TP)+7l(. 

COMPUTE THE  TOTAL  "A"  WEIGHTED  PRESSURE   LEVEL 

nRA=io.*nLonio{nB)+7i». 

COMPUTF THE TOTAL "A" WFIOHTEP PRESSURE LEVEL RELATIVE 
TO 20 MN/M**2 

PRA2-DRA+TX 

PRINT THF OUTPUT TABLE 

WRITE(R/169) 
WRITE(fi,120) 
WRITE(Ry130) 
WRITEtR^.SO) 
WRITECR^O) 

i 
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00001990 
00002000 
00002010 
00002020 
00002030 
000020li0 
00002050 
00002060 
00002070 
00002080 
00002090 
00002100 
00002110 
00002120 
00002130 
0000211.0 
00002150 
00002160 
00002170 
00002180 
00002190 
00002200 
00002210 
00002220 
00002230 
OOO022U0 
00002250 
00002260 
00002270 
00002280 
00002290 
00002300 
00002310 
00002320 
00002330 
0000231)0 
00002350 
00002360 
00002370 
00002380 
00002390 
000021(00 
00002U10 
000021(20 
000021(30 
000021(1(0 
000021(50 
000021(60 
000021(70 
000021(80 

WRiTECe^sn) 
WRITE(6,100)((A<!,d)/J=l/8),l=l,21) 
WRITRCfi^.SO) 
WRITE^lODDBl 
WRITE(fi/1.02)n0A 

100 
101 
102 
103 

m 

no 
120 
130 
uo 

150 

169 
170 
175 

//r.n 
1 m 
0 

2000 
0 

2000 
0. 

65. 
52. 
57.8 
58.8 
1(6.5 
39. 
39. 
// 

WRITE(R 
WRITE(6 
WRITE(fi 
WRITE(6 
WRITECfi 
WRITE(R 
WRITE(fi 
FORMAK 
FORMAK 
FORMATC 
FORMATC 

1F7.I() 
FORMAT( 

1  
FORMAK 
FORMAT( 
FORMAT( 
FORMAT( 

15HPOWER 
FORMAT( 

I*«***«* 
FORMAT( 
FORMAT( 
FORMAT( 

16HSPEFn 
212HTFMP 

STOP 
END 

SYSiM on 
1 

,103)08 
/10l()nRA2 
,150) 
,T.7Q)UO 

/175)OP,IP,IS,FR,TE 
,150) 
,169) 
1X,F6.0/I(F10.2,5X,F6.1(,1X,F10.2,F11.0) 
1X,30HTOTAL   PRESSIIRF , F6. 7, IX, 2HnR) 
IX^OH'V"  WEIGHTEP   PRESSURE    ,FR.2,1(H   DBA) 
IX^OHTOTAL   "A"  WFIOHTED   POWER    , 

1X,61H"A"   WEIRHTEP   PRFSSIIRE   RELATIVE   TO   20   MN/M**7     
-,F7.2,!»H  PBA) 
liFin.3) 
36X,8HOSll-FPRr) 
2fiX,29HACOllSTICS   LABORATORY   OATA   LOG) 
2X,l(HFRE0,6X,5HPRESS,6X,3HBKG,6X,l(HCORR/7X,3H"A",6X, 
,fiX,6HREL-20,6X,l(HFRFO) 
ROH  •.*»♦.******»*.**.•*.♦**.*«*.♦*♦♦«♦**.•..*♦**..*«♦**..« ***•••*•***•*•**•) 
////) 
25X,29HSYSTEM   PARAMETERS   FOR   OSII-NP-,12) 
1X,9HPRESSIIRE-, 11(, 3HPSI, 2X, 6HI NLET-, ll^HPSI^X, 
= , ll(,3HRPM,2X,10HFI.OW  RATE», FU. 1,1HO, 2X, 
ERATIIRE = ,Fl(.l/lHr) 

I 

57.5 
73.7 
60.1 
1(6.2 
39. 
39. 

52.2 
6l(.3 
5l(.2 
51.5 
39,. 
39. 

59.1 
62.2 
1(3.5 
52.5 
39. 
39. 

7l(.3 
62.9 
1(2.5 
l»5. 
39. 
39. 

72.5 
63. 
1(2.3 
1(9.6 
39. 
39. 

60.9 
60.9 
1(3.9 
39, 
39. 
39. 

1 

i 
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APPENDIX F 

ISOLATION MATERIALS 

The  following materials are being used to acoustically treat  fluid 
lines,  pump mounts, pump drive systems,  and the drive support system: 

1. "Duct Board" — Rigid fiberglass with aluminum back.     Owens- 
Corning Type 475-FR(SD) 

2. Leaded Vinyl — John Schneller & Associates,   Sound/Eaze 
TLB-M,  TLB-L 

3, 

4, 

Leaded Vinyl — Singer Partitions,  Inc.;  Super Sound Stopper 

Aluminum Foil  Reinforced Insulation — Supplier,  L.  A.  King 
Co.;  Type MRA;   0.6  lb/ft   ,   1 in.  insulation with foil scrim 
kraft,   light  duty,  NFBU ratedk  manufactured by  Certainteed 
- St.  Gobain 

Foamrubber — 2 inch  thick,  21 oz/ft.3,   (21,000  gm/m3) 
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APPENDIX G 

TEST  CODE FOR MEASURING AND REPORTING AIRBORNE  NOISE 

EMITTED BY HYDRAULIC FLUID POWER PUMPS 

NOTE:     This  document was  developed with  the guidance  of  the  fluid power 
industry  and a Tri-I.evel  Conference on noise attended by  representatives 
from the NFPA,  ANSI,   and USTAG. 
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REFERENCES* 

1. American National Standard Glossary  of Terms  for Fluid Power,  ANSI/ 
B93.2,   and  Supplements Thereto,     (ISO/TC 131/SC 1 USA- ). 

2. ISO  Recommendation R495,   General  Requirements for the Preparation of 
Test  Codes  for Measuring the Noise Emitted by Machines. 
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5. ISO Recommendation 2204,  Guide  to the Measurement of Acoustical 
Noise  and Evaluation of Its Effects  on Man. 

6. American Standard Recommended Practice Z24.19-1957. 

*Unless  otherwise noted,  all references  shal]  be in accordance with  the 
latest  revision. 
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TEST  CODE   FüR MEASURING AND REPORTING  AIRBORNE  NOISE 

EMTTTED BY  HYDRAULIC FLUID  POWER PUMPS 

INTRODUCTION 

In hydraulic  fluid power  systems,   power is  transmitted  and  controll- 
ed   through a liquid under pressure within  an enclosed  circuit.     Pumpr  con- 
vert mechanical  power into  hydraulic  fluid power.     Some  noise  is  created 

ause 

1.     SCOPE 

To  include  the measurement  and  reporting of  the airborne noise  emit- 
ted by any hydraulic  fluid  power pump: 

1.1 In  terras  of  A-weighted sound power  level. 

1.2 In  terms  of  octave-band,  sound-power  levels. 

1.3 Excludep   the  determination of directivity  characteristics 
of  the  acoustic  radiations. 

1.4 Does not  exclude   the measurement  of   fluid or structure-borne 
forms  of  sound  inducing energy when  standards   for such mea- 
surements  are  promulgated. 

2. PURPOSE 

To establish a uniform basis for measuring, reporting, and accurately 
comparing the sound levels of hydraulic fluid power pumps. 

3. TERMS  AND DEFINITIONS 

A.     UNITS 

'«.I     The   International  System of  Units   (SI)   Is  used   tu  accord- 
ance with  Rcf.   No.   3. 

i*.2    Approxlmrce  conversions  to "customary US" units  arc  given 
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for informationnl purposes. These appear in parenthesis 
after their SI counterpart. 

5. LETTER SYMBOLS 

The following letter symbols are used in this document: 

(This portion to be completed later.) 

6. OUTLINE OF PROCEDURES 

6.1 Set  up  and maintain apparatus per Sections  7,   8,  and 9. 

6.2 Run  all  tests par Section 10. 

6.3 Present  data  from Section  10 per Section  11. 

7. GENERAL 

Tests are to be made in rooms providing a free-field over a reflect- 
ing plane, reverberant field, or a semi-reverberant field, in conformance 
with \ »rt  II,   Ref.   4,   except  for  the  following exceptions. 

NOTE:     FUTURE  ISO  RECOMMENDATIONS  THAT SUPERSEDE  REF.   4  ARE TO 
BE  USED AS  TOEY BECOME AVAILABLE. 

7.1    When measurements are made  under  free  field over a reflect- 
ing surface  or semi-reverberant  conditions,  the microphone 
positions shall  be  arranged  over a hemispherical  surtace 
centered  about   the center of the projection of  the pump on 
the  reflecting plane. 

7.1.1    The   radius  of   the hemispherical  surface  shall 
be more  Chan  twice  the  maximum dimension of  the 
pump   (ignoring minor projections  such  as   the 
shaft)   but  no  less  than one meter. 

7   1.2     Use  at   least  4 positions   located  central   to equal 
areas  of  the hemispherical  surface  (See  Table  1^. 

T/VBLE   1:     COORDINATES  FOR 4-P01NT MICROPHONE  ARRAY 

X 
r 

.40 

.40 

.84 
0 

Y 
r 

.73 

.73 
0 
0 

z 
I 

.53 

.53 
.53 

1 
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Shaft  at  -x,y=0:     Z is vertical. 

7.1.3    Sound power  level shall be  computed  from the 
foHowing equation: 

L       (or L  ) pa p Lp(m)  + 20  loh0  ^ + 8 + «! 

; 

where:     r Id  cne  radius   (meters)  of the semihemi- 
spher and  other  terror  as  given in  Ref.  4.     For 
K  ,   see  paragraph  13.1.9  of  Ref.  A. 

7.2    Measurements may be made under reverberant  conditions,  although 
the pump noise spectra  contain discrete  frequencies,  when mov- 
ing vanes or  a  traversing microphone  are used  to provide  addi- 
tional diffusion or an array of  at  least   3 microphones  is used 
to provide  a space  average.    A single microphone position car 
be used  if adequate  diffusion has been  shown  to exist  in accord- 
ance with paragraph  13.2.2 of Ref.  A. 

8.     TEST EQUIPMENT 

8.1    Hydraulic Equipment. 

8.1.1 Use .i fluid conditioning circuit to provide speci- 
fied conditions, temperature, filtration, and aer- 
ation. 

. 

8.1.2 Use a control filter which will limit the total 
number of particles in the system to 1500 part- 
icles per milliliter greater than 10 micrometers. 

8.1.3 Use a test fluid as specified by the test require- 
ments . 

8.1.4 Use the largest practical line size. 

8.1.5 Exercise extra care in assembling inleu lines to 
prevent air leaking into the circuit. 

8.1.6 Locate inlet restrictor valves upstream of the 
pump as far as practical to minimize out-gassing 
due to turbulence. 

8.1.7 Wrap all fluid lines and load valves in the test 
space with acoustical barrier material as desired. 
A suitable material will have at least a lOdB trans- 
mission loss at 100 Hz. and higher frequencies. 
Sec Ref. 6. 
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8.1.8 Locate the inlet pressure gage at the same height 
as the inlet fitting or calibrate gage for height 
difference. 

10, 

8,2 Mechanical Equipment 

8.2.1 Either locate the drive motor outside the test 

space and drive the pump through a long shaft or 
isolate the motor in an enclosure. 

8.2.2 Construct the pump mount so that it will not add 
to or detract from the pump noise. 

8.3 Test Space. 

8.3.1    Verify   the  suitability  cf  the  test space  per the 
appropriate  procedure  in  Ref.   A. 

8.A    Acoustical  Instruments. 

8.4.1 Secure  instrumentation  that  complies  with  the 
measuring instrument  requirements  of  Ref.   4. 

8.4.2 Calibrate  the measuring instruments per Ref.   4. 

TEST  CONDITIONS ACCURACY 

Set  up and maintain  equipment  accuracy within   the  limits  in  Table 2 

TEST PROCEDURE 

10.1    Background  Measurements. 

10.1.1 Disconnect   the drive shaft  coupling at   the  pump. 

10.1.2 Operate  the  pump  drive system at  the  speed speci- 
fied  in the test requirements. 

10.1.3 Obtain   the  background mean  levels  at  each octave 
banc!  cen.er  frequency between  125 Hz.   and  8000 Hz. 
pe r  Re f .   4 . 

10.1.4 Record  the  results  of  Clause  10.1.3  (Sec  Table   3). 

NOTE:     IT  IS  RECOMMENDED THAT THE BACKGROUND LE/ELS BE OBTAINED 
WHILE THE SYSTEM IS OPERATING UNDER TEST CONDITIONS WITH TOE 
PJMP COVERED BY  A SOUND ISOLATOR WITH A NOTICEABLE TRANSMISSION 
LOSS.     IF,  AFTER PROPERLY  COVERING THE  PUMP,  THE SOUND LEVEL 
DOES  NOT NOTICEABLY  DECREASE,  THEN  IT  IS HIGHLY  PROBABLE  THAT 
TOE MEASURED LEVEL  IS  NOT ASSOCIATED WITH THE  PUMP AND THE TEST 
SHOULD BE  REJECTED. 
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TABLE 2:  TEST CONDITIONS ACCURACY 

Test Condition SI Unit US Unit Maintain Within + 

Flow li ters/mJn USGPM 

Pressure, Pump Inlet (Positive) bar psig 
(Negative) irraHg m Ilg 

Pressure bar psig 

Speed RPM RPM 

Temperature 0C 0F 

2% 

2% 

2% 

2% 

30C (50F) 

10.2    Pump Measurements. 

10.2.1 Connect   the  pump drive  shaft  coupling. 

10.2.2 Measure  temperatures and pressures  at  the pump 
inlet  and discharge  fittings or test  station 
provided  by   the manufacturer. 

10.2.3 Operate  the pump  at  conditions specified  in  the 
test  requirement. 

10.2.A    Insure  that   the pump has been "broken-in" per 
manufacturer's  reconinended procedure  or operate 
for n minimum of  one hour at specified  conditions. 

10.2.5 The  test  circuit  shoa'd be  operated  for sufficient 
time  to establish  a stabilized  condition of  ail 
variables  including fluid  condition.     Maintain  con- 
ditions within specified  limits  in Table  2. 

10.2.6 Obtain measured pump mean levels at  each  octave 
band  center  frequency  between  125  Hz.   and 8000 Hz. 
per  Rcf.   A. 

10.2.7 Record  the  results of  Clauao  10.2.6   (Sec  Table   3). 

10.3    Corrected Pump Hcasurcmcntn. 
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Pump Des crip tior. 

Test Location 

Test Date 

Discharge Pressure 

Inlet Pressure 

Case Pressure 

Type of Test Space 

TABLE 3 

Example Data Summary 

Fluid 

Temp. (Inlet) 

Viscosity 

Shaft Speed 

(bar/psig)     Output Flow 

%  Displacement 

Compensatur Setting 

(0C/0F) 

(cSt.  SUS) 

RPM 

(l/min;USGPM) 

% 

Date Test Space Verified 

Results of Test Space Verification 

1 

Measured 
Background 

Mean Pressure 
Level (dB) 
Measured 

Pump 
Mean Pressure 
Level (dB) 
Correction 
To Pump 

Measurements 
(dB) 
Pump 

Mean Pressure 
Level (dB) 

Octave Band 
Centered On 

(Hz) 

125 250 500 1000 2000 4000 8000 

Sound Power Level dBA 

'.'3 
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10.3.1 Correct the pump measurements of Clause 10 relative 
to the background results of Clause 10.1 per Ref. A 
and  Clause  10.3.2   (See  Table  3). 

10.3.2 Void the  test  if  the  difference between pump  and 
background levels  of  Clause  10.3.1 is  less  than 6 
dBA sound pressure.     Exception:     A manufacturer 
can use such  data with  a maximum of IdB background 
correction where  the error prejudicial  to his  pro- 
duct  is  deemed acceptable. 

10.3.3 Record the  results of  Clause  10,3.1  (See Table  3). 

10.A     (A)  Weighted Sound Power Level. 

10.4.1 Calculate per  Ref.   4,   the  (A)   weighted sound power 
level using the  results of  Clause 10.3. 

10.4.2 Record  the  results  of  Clause  10.4.1  (See Table  3). 

11.     DATA PRESENTATION 

11.1 Prepare  a data summary using  the  results of Section  9. 

11.2 Use Table  3 as  an example  summary. 

11.3 Include the following inforvition on  the summary. 

11.3.1 Pump description. 

11.3.2 Fluid viscosity   (cSt,   SUS). 

11.3.3 Date of test. 

11.3.4 Location of test. 

11.3.5 Shaft speed. 

11.3.6 Discharge pressure. 

11.3.7 Inlet pressure. 

11.3.8 Inlut temperature. 

11.3.9 Type of fluid. 

11.3.10 Output  flow for variable displacement units also rtatc 
percentage  dlsplaccocnt s,   I.e.  902,   !>'.,  etc. 

11.3.11 Case pronsuro. 

r ' ■   iriWHirm'--— 
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12. 

11.3.12 Compensator setting. 

11.3.13 Type  of  test  space- 

11.3.14 Results of   test  space verification, 

JUSTIFICATION STATEMENT 

(To be  includea  following  the  review process.) 
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APPENDIX  H 

TEST  CODE  FOR MEASURING AND  REPORTING  FI.UIDBORNE  NOISE 

E^ar-ED BY HYDRAULIC FLUID POWER PUMPS 

NOTE:  This document is rot considered complete, but It is int 
serve as a guide for the development of a test Method for flul 

tended to 
dborne 
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TEST  CODE FOR MEASURING AND REPORTING FLUIDBGRNE NOISE 

EMITTED BY HYDRf.ULIC FLUID POWER PUMPS 

INTRODUCTION 

In hydraulic fluid power systems,  power is  transmitted and controll- 
ed through  a liquid under pressure within an enclosed  circuit.     Pumps  con- 
vert mechanical power into hydraulic fluid power.     Pressure pulsations  are 
created in the hydraulic  fluid during  the power conversion process.    These 
pressure pulsations transmit vibrational energy  to  fluid  conduits and other 
components.    The  transmitted pulsations may ultimately  cause airborne noise. 
A pump's  potentiax  for directly  causing airborne noise  is  an  important  con- 
sideration in component  selection.     The results of  this procedure might be 
used to compare  the pressure  pulsations  caused by  two  different pumps. 

1. SCOPE 

To  include  the measurement and reporting of  the pressure pulsations 
caused by any hydraulic  fluid power pump. 

2. PURPOSE 

To provide  a means of  comparing pressure  pulsations  associated with 
hydraulic fluid power pumps where  the  comparable  data has been measured 
and  reported according  to  a specific test  procedure. 

3. TERMS AND DEFINITIONS 

4. UNITS 

A.l    The International  System of Units  (SI)   is used  in accordance 
with  Ref.   No.   3> 

A.2    Approximate  conversions  to  "Customary U.S." units  are  given 
for  Informational  purposes.     These  appear in  parenthesis  after 
their SI  counterpart. 

5. LETTER SYMBOLS 

(This portion to be completed later.) 
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GENERAL 

6.1 Set up and maintain apparatus per Sections 7 and 8. 

6.2 Run all tests per Section 9. 

6.3 Present data from Section 9 per Section 10. 

TEST EQUIPMENT 

7.1    Hydraulic Equipment. 

7.1.1 Use a fluiu conditioning circuit as required, 

7.1.2 Use a control filter which will limit the total 
number of particles in the system to 1500 part- 
icles per mlllillter greater than 10 micrometers. 

7.1.3 Use a test fluid as specified by  the  test  require- 
ments. 

7.1.4 Exercise extra care in assembling inlet  lines to 
prevent air leaking into the circuit. 

7.1.5 Locate  inlet restrictor valves upstream of  the pump 
as far as practical to minimize out-gassing due  to 
turbulence. 

7.1.6 Locate the inlet pressure gage at the same height 
as the inlet fitting or calibrate gage for height 
difference. 

7.1.7 Use a needle valve  (load valve)   to creat  the requir- 
ed pump outlet pressure. 

7.1.8 Locate the load valve at least 25 feet downstream 
of  the pump outl-'t. 

7.1.9 Locate a piezometer tube, constructed per Ref. 5 
and of the same tube size as the pump outlet, as 
dose as practical to  the pump outlet. 

7.1.10 Install a pressure pulsation attenuator,  which 
dampens 20dfi at  100 Hz.  and higher frequencies, 
downstream of  the piezometer tube. 

7.2    Mechanical Equipment. 

7.2.1 ConstPJCt the pump mount so that it will not add 
to or detract  from the pressure pulsations. 
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7.3 Teat  Circuit. 

7.3.1    Verify   the  suitability ot   the  test   circuit  per  the 
appropriate  procedure. 

7.4 Measuring Instrumcnce. 

7.4.1 Acoustical Analysis  Instruments. 

7.4.1.1 Secure   instrumentation  that   complies 
with the  measuring  instrument   require- 
ments  of   Rcf.  4. 

7.4.1.2 Calibrate  the  measuring  instruments 
per  Ref.   4. 

7.4.2 Measur«   temperatures  and pressures  at   the  pump  inlet 
and discharge   fittings. 

7.4.3 Pressure   Instrumentation. 

7.4.3.1 Secure   a dynamic pressure   transducer  and 
associated  conditioning «quipocnt  which 
has  an output voltage   lincarally  propor- 
tional   to pressure within + 42  over a 
freq-jency   range  of   100 Hz.   to   10,000 Hz. 
and u  tiuc constant  of   less  than   15 
seconds . 

7.4.3.2 insure  that  each unit   in  the pressure  In- 
struaentation syotca is calibrated at   least 
every six contlu». 

8.     TEST  COKDITIOtS ACCURACY 

Sec  up and maintain cqulpocnc  accuracy within  the  Halt» of  Table  1. 

Table  1:    Test  Conditions Accuracy 

Tost  Condition« SI  Unit U.S.  Unit Halnc a^n Within 

Flow Iltera/aln. U.S.  CPM 22 
Presnur«,  Pump (Poaltlve)  bar p4lg 21 

Inlet (Kogatlvo)» Hg in Hg 21 
Prennuro bar ptig 21 
Spord RPM RPH 21 
Tcmp«raCuro •c •P )* c (S*r) 
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9.     TEST PROCEDURE 

9.1 Tranaducer Preparations. 

9.1.1 Attach pressure transducer to piezometer tube with a 
minimum of tubing. 

9.1.2 Insure that no air is trapped In the connecting line 
between the transducer and the piezometer tube. 

9.2 Pulsation Measurements. 

9.2.1 Operate  the pump at  conditions apccifled In  the  test 
requirement . 

9.2.2 ,.nsure that the pump has been operated at test condi- 
tions for one hour previously or operate at specified 
conditions  for one  hour. 

9.2.3 Stabilize all  test  conditions. 

9.2.4 Wait 60 seconds after reaching a stabilized operating 
condition before proceeding to Clause 9.2.5. 

9.2.5 Obtain measured pulsation mean  levels  in dfi  at  each 
octave band  center frequency Hetween 125 Hz.  and 8000 
Hz. 

9.2.6 Convert Deasuresientf of  Clause 9.2.6 to dB values 
reUclve to 20.. N/IT. 

9.2.7 Record the  results of  Claus« 9.2.6  (See Table  2). 

9.3 (A)  Weighted Pressure  Power Level. 

9.3.1    Calculate 1,  per R«f.  4,   the (A) weighted preaeure 
power level using the  rvsults of Claus« 9.2. 

9.3..'     Rftcord the  result  of  Clause 9.3.1    (See Table 2). 

10.     DATA PRESEKTATIOH 

10.1 Prepare a data auaaary using the  results of  Section 9. 

10.2 Us«  Table 2  as an exaaple «uaoary. 

10.3 Include the following infomatlon on the sunaaryt 

10.3.1 Pus? doocription. 

10.3.2 Fluid viscosity (cSt.  SUS) . 
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11. 

10.3.3 Date of test. 

10.3.4 Location of test. 

10.3.5 Shaft speed. 

10.3.6 Discharge  pressure. 

10.3.7 Inlet  pressure. 

10.3.8 Inlet   temperature. 

10.3.9 Type of   fluid. 

10.3.10 Output   flow  (for variable  displacement  units,   also 
«uate  percentage  displacements,   i.e.   VOZ,   5J,  etc.) 

10.3.11 Case pressure. 

10.3.12 Compensator setting. 

10.3.13 Type of   pressure   transducer. 

10.3.K  Results of   test   circuit  verification. 

JUSTIFICATION STATEHEKT 

(To  be   Included  tollowing completion of  the  review process.) 
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TABLE  2 

Exanple   Data Sucanary 

Pump   Description 

Test   Location 

Teut   Date 

Discharge  Pressure 

In'et   Pressure   

Case  Pressure 

(bar/pslfi) 
B „„      bar 

— Ho        ba" 

i"    8    jajj 

Type of  Pressure Transducer 

Fluid 

Tcnpcraturc  (Inlet) {'€/*¥} 

Vl8C08lty .(£St_1_SUSl 

Shaft  Spei'd RPM 

Output Flow              (1/mln; USC) 

t Dlsplaccacnt Z 

Coeapcnsator Setting 

Date  Test   Circuit  Verified 

Results of Test  Circuit Verification 

Mean Pressuro 
UJVCI   (dB) 

Octavo Band 
Centered On 125 250        500 1000 2000 /.000 8000 

Pressure Pmer ?avc>l dBA 
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